Influenza A Viruses of Human
Origin in Swine, Brazil

Martha I. Nelson,! Rejane Schaefer,' Danielle Gava, Mauricio Egidio Cantao,
Janice Reis Ciacci-Zanella

The evolutionary origins of the influenza A(H1N1)pdm09
virus that caused the first outbreak of the 2009 pandemic
in Mexico remain unclear, highlighting the lack of swine sur-
veillance in Latin American countries. Although Brazil has
one of the largest swine populations in the world, influenza
was not thought to be endemic in Brazil's swine until the ma-
jor outbreaks of influenza A(H1N1)pdm09 in 2009. Through
phylogenetic analysis of whole-genome sequences of influ-
enza viruses of the H1IN1, H1N2, and H3N2 subtypes col-
lected in swine in Brazil during 2009-2012, we identified
multiple previously uncharacterized influenza viruses of hu-
man seasonal H1N2 and H3N2 virus origin that have circu-
lated undetected in swine for more than a decade. Viral di-
versity has further increased in Brazil through reassortment
between co-circulating viruses, including A(H1N1)pdm09.
The circulation of multiple divergent hemagglutinin lineages
challenges the design of effective cross-protective vaccines
and highlights the need for additional surveillance.

nfluenza A viruses circulating in swine (SWIAVs) are of
major economic concern for the swine industry and a
pandemic threat for humans. The HIN1 influenza pandemic
of 2009 was associated with a virus of swine origins (/)
that caused its first outbreak in humans in Mexico in early
2009 (2). However, the evolutionary origins of influenza
A(HIN1)pdmO09 (pHINTI) virus in swine are poorly under-
stood, and no potential progenitor viruses have been detect-
ed in swine in any part of the world. The relatively small
number of swlAVs that have been characterized in Latin
America make it particularly difficult to confirm or negate
the possibility of pHIN1 evolving in swine in Mexico or an-
other Latin American country before emergence in humans.
Since 2009, transmission of pHINT1 virus from humans

to pigs has been documented in numerous countries spanning
6 continents (3—/3), including many countries where influ-
enza viruses previously had not been detected in swine, such
as Australia (/4), Finland (/5), and Cameroon (/6). pHIN1
virus has been identified in swine in several Latin Ameri-
can countries, including Argentina (/7), Brazil (18,19),
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Colombia (20), and Mexico (21), because of human-to-swine
transmission events that have occurred since 2009. In Argen-
tina, multiple subtypes of viruses of human seasonal virus or-
igin also have been identified in swine (22). Although Brazil
hosts one of the largest swine populations in the world (=41
million hogs), little evidence existed of swIAV circulation in
swine herds in Brazil before 2009 (23-25). Influenza virus in
pigs was first detected in Brazil in 1974, and the isolated vi-
rus was closely related to the classical North American swine
virus A/swine/Illinois/1/63/HIN1 (24). However, relatively
little clinical illness was observed in pigs in Brazil until 2009.
Since 2009, Brazil’s swine population has experienced out-
breaks of pHINI1 that are associated with respiratory illness.
These outbreaks have been located primarily in the country’s
major swine production regions in southern, midwestern, and
southeastern Brazil (Figure 1). As a result, surveillance ef-
forts for [AVs in swine populations in Brazil have increased,
revealing additional influenza virus diversity. Serum col-
lected from swine in southeastern Brazil during January—
March 2009 indicated the widespread presence of antibod-
ies cross-reactive to multiple antigenically distinct subtypes
in swine: North American classical swine HIN1 (44.4%),
North American triple-reassortant swine H3N2 (23.5%)), and
human-like HIN1 (38.3%) (25). In southern Brazil, the se-
roprevalence of the H3N2 subtype was recently found to be
~20% (23). A human-like HIN2 virus was isolated from cap-
tive wild boars (26) and from swine (27) in Brazil.

Here, a phylogenetic analysis of newly sequenced
influenza viruses from Brazil’s swine herds provides evi-
dence that multiple IAVs of human seasonal virus origin
have been circulating in swine for more than a decade.
These particular H3N2 and HIN2 swIAV clades appear
to be specific to Brazil. The co-circulation of multiple ge-
netically diverse sSwIAV lineages of the HIN1, HIN2, and
H3N2 subtypes introduces new challenges for the control
of influenza in Brazil’s swine herds, including develop-
ment of cross-protective vaccines.

Methods

Data Collection and Sequencing
A total of 1,881 nasal swab and 89 lung tissue samples
were collected from swine from 131 pig farms in southern,
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Figure 1. Areas of swine production in
7 states in southern, midwestern, and
southeastern Brazil: Rio Grande do Sul
(RS) State (total swine population ~7.0
million), Santa Catarina (SC) State

e, (~9.0 million swine), Parana (PR) State

e (~6.0 million swine), Mato Grosso
\ - (MT) State (=2.4 million swine), Mato
& Grosso do Sul (MS) State (=1.3 million
swine), Minas Gerais (MG) State (=5.4
1 million swine), and Sao Paulo (SP)
A State (=1.8 million swine). Red dots
_/’ indicate pig farms sampled where
' at least 1 sample was positive for
§ influenza by PCR; blue dots indicate
’ farms where all samples were negative
for influenza.

midwestern, and southeastern Brazil during 2009-2012 (Fig-
ure 1). Nursery and growing pigs were selected for nasal swab
sampling during 2 cross-sectional studies in 2010 and 2011,
where pigs showing typical clinical signs of influenza infec-
tion (e.g., fever, labored abdominal breathing, and dyspnea)
were preferentially chosen for sampling. Lung samples were
collected from pigs of different production phases (suckling,
nursery, and fattening) and submitted to a private diagnostic
laboratory for necropsy and/or histopathologic examination,
and positive lung samples for IAV by immunohistochemical
analysis were sent to the virology laboratory at EMBRAPA
(Brazilian Agricultural Research Corporation, Concordia,
Brazil) for virus isolation, reverse transcription quantitative
PCR (RT-gPCR), and sequencing.

IAV was detected from nasal swab samples from pigs
on 24 of 62 farms. Fifty-nine (3.13%) of 1,881 nasal swab
samples analyzed were positive by RT-qPCR. Moreover,
58 (65.16%) of 89 lung samples with pneumonic lesions,
from 44 pig farms, were positive for IAV by RT-qPCR. Vi-
ral RNA was extracted from the original samples and tested
for the matrix gene of IAV and pHIN1 IAV by 2 separate
RT-qPCRs (28,29). Virus was isolated by inoculating lung
tissue supernatant or nasal swab samples into MDCK cells
or into specific pathogen—free embryonated chicken eggs
(30). To confirm virus isolation, we tested the supernatants
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or allantoic fluids for hemagglutinin (HA) activity and by
RT-gPCR. Nasal swab and lung samples were considered
negative for AV if a second passage in specific pathogen—
free chicken eggs or in MDCK cells was negative by HA
test and RT-PCR. Of the 117 PCR-positive samples, 41 vi-
rus isolates were obtained: 14 from nasal swab samples and
27 from lung samples.

We conducted whole-genome sequencing using an
ABI 3130x] analyzer (Applied Biosystems, Foster City,
CA, USA) and Illumina MiSeq (Illumina, San Diego, CA,
USA). PCR was conducted by using a set of primers specif-
ic for the amplification of the 8 IAV gene segments (37,32)
and a primer set for the amplification of pHIN1 gene seg-
ments. For sequencing on an [llumina MiSeq, RT reaction
and amplification of the 8 AV gene segments were con-
ducted by using primers as previously described (32,33).
In total, at least partial sequence data were obtained for 35
IAVs. Of these, 16 swIAVs provided whole-genome se-
quence data of sufficient quality to be included in the final
phylogenetic analysis.

Phylogenetic Analysis

Nucleotidealignmentsweregeneratedfor 1 1 discretedatasets:
HI1 (human seasonal virus—like, 209 viruses), H1 (pandem-
ic virus—like, 451 viruses), H3 (463 viruses), N1 (pandemic
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virus—like, 311 viruses), N2 (683 viruses), and the 6 inter-
nal gene segments (polymerase basic [PB] 2, PBI, poly-
merase acidic [PA], nucleoprotein [NP], matrix [MP], and
nonstructural [NS]). Each dataset comprised 1) Brazilian
swlAVs sequenced for this study; 2) Brazilian swIA Vs that
we sequenced and published previously (26,27); and 3)
related human and swine viruses, collected globally, that
were downloaded from the Influenza Virus Resource (34)
available in GenBank, which were studied previously (35)
(Table 1; online Technical Appendix Table, http://wwwnc.
cdc.gov/ElD/article/21/8/14-1891-Techappl.pdf). To ac-
commodate relatively long but not fully complete sequenc-
es, the H3 alignment was trimmed to 1158 nt and the N2
alignment was trimmed to 1161 nt, and sequences less than
this length were excluded.

For each of the 5 sets of sequence data, an alignment
was generated by using MUSCLE v3.8.31 (36), with manu-
al correction using the program Se-Al (http://tree.bio.ed.ac.
uk/software/seal/). The phylogenetic relationships of each
of the 5 datasets were inferred by using the maximum-
likelihood (ML) method available in RAXML v7.2.6 (37),
incorporating a general time-reversible model of nucleo-
tide substitution with a g-distributed rate variation among
sites. To assess the robustness of each node, we conducted
a bootstrap resampling process (500 replicates), again us-
ing the ML method available in RAXML v7.2.6. Because of
the computational complexity of these processes, we used
the high-performance computational capabilities of the
Biowulf Linux cluster at the National Institutes of Health
(http://biowulf.nih.gov).

Divergence Times

A time-scaled Bayesian approach was used to estimate the
timing of the human-to-swine transmission events associ-
ated with the H1, H3, and N2 segments, due to the long
branch lengths separating the Brazilian swine viruses from
the most closely related human seasonal viruses. We used
a relaxed uncorrelated lognormal molecular clock, a flex-
ible Bayesian skyline plot (BSP) demographic model (10
piece-wise constant groups), and a general-time reversible
model of nucleotide substitution with a y-distributed rate
variation among sites. Markov chain Monte Carlo was run
separately 3 times for each dataset for at least 100 million
iterations, with subsampling every 10,000 iterations. The
analysis used BEAST v1.8.0 (38) and the BEAGLE library
(39) to improve computational performance. All param-
eters reached convergence, as assessed visually by using
Tracer v1.6 (http://tree.bio.ed.ac.uk/software/tracer/), with
statistical uncertainty reflected by values of the 95% high-
est posterior density (HPD). The initial 10% of the chain
was removed as burn-in, runs were combined by using
LogCombiner v1.8.0 (http://beast.bio.ed.ac.uk/logcom-
biner), and maximum clade credibility (MCC) trees were
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summarized by using TreeAnnotator v1.8.0 (http://beast.
bio.ed.ac.uk/treeannotator).

Results

Among the newly sequenced swlAVs from Brazil, we iden-
tified multiple previously uncharacterized clades of viruses
that are most closely related to human seasonal H3N2 and
HIN2 viruses that circulated in humans during the 1990s
and early 2000s, respectively (Figures 2—4). All of these
viruses had matrix segments of pHINT1 origin, and all other
internal genes that could be sequenced were also of pHIN1
origin (Table 1).
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Figure 2. Phylogenetic relationships between human and swine
influenza H3 segments. Time-scaled Bayesian maximum clade
credibility (MCC) tree inferred for the hemagglutinin (H3) sequences
of 463 viruses, including 4 viruses sequenced for this study from
swine in Brazil, A/swine/Brazil/365-11-7/2011(H3N2), A/swine/
Brazil/231-11-1/2011(H3N2), A/swine/Brazil/355-11-6/2011(H3N2),
and A/swine/Brazil/365-11-6/2011(H3N2); 251 human seasonal H3
viruses collected globally during 1968—-2013; and 208 closely related
swine viruses collected globally that have been studied previously
(85). Gray indicates branches of human seasonal influenza
A(H3N2) virus origin. Branches associated with viruses from swine
are shaded by country/area of origin: light blue, Argentina; dark
green, Brazil; dark blue, United States; purple, Vietnam; black,
Europe; red, China; pink, Korea; orange, Thailand; light green,
Mexico. Posterior probabilities >0.9 are included for key nodes.
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Figure 3. Phylogenetic relationships
between human and swine influenza
H1 segments. Time-scaled Bayesian
maximum clade credibility (MCC)
tree inferred for the hemagglutinin
(H1) sequences of 209 viruses,
including 2 swine viruses from

Brazil sequenced for this study, A/
swine/Brazil/185-11-7/2011(H1N2)
and A/swine/Brazil/232-11-
13/2011(H1N2); 3 swine influenza

A viruses from Brazil sequenced
previously, A/wild boar/Brazil/214-
11-13D/2011(H1N2) (26), A/swine/
Brazil/31-11-1/2011(H1N2), and A/
swine/Brazil/31-11-3/2011(H1N2)
(27); 120 human seasonal H1
viruses collected globally during
1978-2008; and 84 closely related
swine viruses collected globally that

100;

have been studied previously (35).
Gray indicates branches of human
seasonal influenza A(H3N2) virus
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Identification of New Human-Origin

H3N2 IAVs in Swine

On the H3 phylogeny, the 4 H3N2 viruses from swine in
Brazil in 2011 are monophyletic, forming a single clade sup-
ported by 100% posterior probability (Figure 2) and 100%
bootstrap support (online Technical Appendix Figure 1):
A/swine/Brazil/365-11-7/2011(H3N2), A/swine/Brazil/231-
11-1/2011(H3N2), A/swine/Brazil/355-11-6/2011(H3N2), and
A/swine/Brazil/365-11-6/2011(H3N2) (Table 1; online
Technical Appendix Table). This clade is phylogenetically
distinct from other swlAVs found in Argentina and North
America that also are of human seasonal H3N2 virus origin
and appears to be a previously uncharacterized introduction
of a human seasonal H3N2 virus into swine (Figure 2; online
Technical Appendix Figure 1). The human H3N2 viruses that
are most closely related to the Brazilian swlA Vs were isolated
during the late 1990s (e.g., A/Malaysia/13241/1997[H3N2])
and have a long branch length separating the clade of swlA-
Vs from Brazil from the older human virus diversity.

The time-scaled MCC tree (Figure 2) indicates that
human-to-swine transmission could have occurred at any
time along this long branch between the node represent-
ing the estimated time to the most recent common an-
cestor of the clade of swlIAVs from Brazil (2009.6; 95%
HPD 2008.5-2010.4) and the node representing the time
to the most recent common ancestor for the swine clade
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and most closely related human virus (1995.5; 95% HPD
1995.1-1995.9). The much higher intensity of sampling
of human viruses than swine viruses means that the long
branch length is more likely to represent unsampled swine
viruses than unsampled human viruses and the actual time
of human-to-swine introduction is likely to be closer to
1995.5. Detection of H3N2 swlAVs in 3 Brazilian states
(Santa Catarina, Rio Grande do Sul, and Mato Grosso do
Sul; Figures 1, 2) is consistent with extensive circulation
of this swIAV within swine populations in southern and
midwestern Brazil.

Identification of New Human-Origin

H1N2 IAVs in Swine

On the H1 phylogeny, the 5 HIN2 viruses collected from
swine in Brazil during 2011 also are monophyletic, al-
though the clade is supported by just below the 70% boot-
strap threshold on the ML tree (64% bootstrap support,
online Technical Appendix Figure 2) and 80% posterior
probability threshold on the MCC tree (79%, Figure 3).
The lower support for this clade appears to be related to
the early divergence of these swlAVs into 2 well-sup-
ported subclades (100% posterior probabilities). One sub-
clade comprises 3 swlAVs collected in Parana and Rio
Grande do Sul States: A/swine/Brazil/31-11-1/201 1(HIN2),
A/swine/Brazil/31-11-3/2011(HIN2), and A/wild boar/Brazil/
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214-11-13D/2011(HIN2) (Table 1; Figures 1, 3). The second
subclade comprises 2 swlAVs collected in Santa Catarina
State: A/swine/Brazil/185-11-7/2011(HIN2) and A/swine/
Brazil/232-11-13/201 1(HIN2). The presence of HIN2 virus-
es from domestic swine and a wild boar within the first sub-
clade is consistent with viral transmission between wild and
domestic swine in Brazil.

The estimated time of transmission of the human HIN2
viruses into swine is 2002.1-2003.1 (95% HPD 2001.8—
2004.7), which is consistent with the period of global cir-
culation of the unusual reassortant HIN2 virus in humans
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Figure 4. Phylogenetic relationships between human and

swine influenza N2 segments. Time-scaled Bayesian maximum
clade credibility (MCC) tree inferred for the neuraminidase (N2)
sequences of 682 viruses, including 6 swine viruses from Brazil
sequenced for this study, A/swine/Brazil/185-11-7/2011(H1N2),
A/swine/Brazil/232-11-13/2011(H1N2), A/swine/Brazil/232-11-
14/2011(H1N2), A/swine/Brazil/31-11-1/2011(H1N2),
Al/swine/Brazil/355-11-6/2011(H3N2), and A/swine/Brazil/
365-11-7/2011(H3N2); 2 swine influenza A viruses from Brazil
sequenced previously, A/wild boar/Brazil/214-11-13D/2011(H1N2)
(26) and A/swine/Brazil/31-11-3/2011(H1N2) (27); 325 human
seasonal N2 viruses collected globally during 1957—2013; and
350 closely related swine viruses collected globally that have been
studied previously (35). Gray shading indicates branches of human
seasonal influenza A(H3N2) virus origin. Branches associated with
viruses from swine are shaded by country/area of origin: light blue,
Argentina; dark green, Brazil; dark blue, United States; purple,
Vietnam; black, Europe; red, China; pink, Korea; orange, Thailand;
light green, Mexico; turquoise, Japanese swine viruses. Posterior
probabilities >0.9 are included for key nodes, and the 2 clades of
Brazilian swine viruses are labeled a and b (Table 1).
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(2001-2003). The most closely related human virus was
isolated in 2002: A/New York/417/2002/HIN2. Because
of the low availability of human HIN2 sequences from
this period and the low posterior probability (MCC tree)
and bootstrap support (ML tree) for the clade of Brazilian
HIN2 viruses, we cannot conclude with certainty that the
HIN2 swlIAVs identified in Brazil represent a single viral
introduction from humans into pigs instead of 2 contempo-
raneous introductions involving similar human HIN2 vi-
ruses. The most parsimonious explanation, however, is that
a single introduction of a human seasonal HIN2 virus into
swine occurred, and shortly thereafter the virus diversified
into 2 subclades that co-circulated in swine until at least
2011, when these HIN2 viruses were identified in swine
in Brazil.

Two Introductions of Human N2 Segments in Swine

In contrast to the H3 and H1 phylogenies (Figures 2, 3),
the Brazilian swIAVs are not monophyletic on the N2 phy-
logeny, representing 2 different introductions of the N2
segment from human seasonal H3N2 viruses into swine
in Brazil (Figure 4). One N2 clade (clade N2-a, Figure 4)
is defined by 100% posterior probability support and 90%
bootstrap support (online Technical Appendix Figure 3)
and comprises 6 Brazilian swlIAVs: A/swine/Brazil/185-11-
7/2011(HIN2), A/swine/Brazil/31-11-1/2011(HIN2), A/
swine/Brazil/232-11-13/2011(HIN2), A/swine/Brazil/232-
11-14/2011(HIN2), A/swine/Brazil/355-11-6/2011(H3N2),
and A/swine/Brazil/365-11-7/2011(H3N2) (Table 1). With-
in the N2-a clade, the 4 HIN2 viruses cluster separately from
the 2 H3N2 viruses as 2 genetically distinct subclades (90%
and 100% bootstrap support, respectively; online Technical
Appendix Figure 3). The 6 swIAVs in N2-a were collected
from 4 Brazilian states: Santa Catarina, Rio Grande do Sul,
Parand, and Mato Grosso do Sul (Figure 1). The other N2
clade (clade N2-b, Figure 4) consists of 2 swIA Vs from Bra-
zil of the HIN2 subtype, defined by 100% posterior prob-
ability and 90% bootstrap support (online Technical Appen-
dix Figure 3): A/wild boar/Brazil/214-11-13D/201 1(HIN2)
and A/swine/Brazil/31-11-3/2011(HIN2). These swlAVs
were collected in Parana and Rio Grande do Sul States, con-
sistent with dispersal within southern Brazil despite the low
number of samples (Figure 1; Table 1).

Both the Brazilian N2-a and N2-b clades are closely
related to human seasonal H3N2 viruses that circulated
during the late 1990s (e.g., A/New York/521/1998[H3N2]
for clade N2-a and A/New York/251/1998[H3N2] for clade
N2-b) and therefore have similar estimated times of human-
to-swine transmission on the MCC tree: 1997.1-2002.8
(95% HPD 1996.3-2005.6) for clade N2-a and 1997.2—
2006.9 (95% HPD 1996.1-2009.0) for N2-b (Figure 4).
Again, the higher intensity of influenza surveillance in
humans than in swine suggests that the 2 human-to-swine
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Table 1. Characteristics and phylogenetic position of 16 influenza A viruses from swine sequenced at EMBRAPA (Brazilian

Agricultural Research Corporation)*

Segments

Date Specimen Isolation Other
Virus Statet collected type method HAT NA§ Matrix internal|
A/swine/Brazil/185-11-7/2011/H1N2 SC 2011 Jul 6 NS ECE/MDCK H1s N2-a pdm pdm
A/swine/Brazil/232-11-13/2011/H1N2 SC 2011 Aug 17 NS ECE H1s N2-a pdm pdm
A/swine/Brazil/232-11-14/2011/H1N2 SC 2011 Aug 17 NS ECE - N2-a  pdm -
A/swine/Brazil/31-11-1/2011/H1N2 PR 2011 Feb 28 Lung ECE H1s N2-a pdm pdm
A/swine/Brazil/31-11-3/2011/H1N2 PR 2011 Feb 28 Lung ECE H1s N2-b pdm pdm
A/wild boar/Brazil/214-11-13D/2011/H1N2 RS 2011 Jul 25 Lung # H1s N2-b pdm pdm
A/swine/Brazil/231-11-1/2011/H3N2 SC 2011 Aug 17 NS ECE/MDCK  H3 - pdm -
A/swine/Brazil/355-11-6/2011/H3N2 RS 2011 Oct 27 NS ECE H3 N2-a pdm -
A/swine/Brazil/365-11-6/2011/H3N2 MS 2011 Nov 10 NS ECE/MDCK  H3 - pdm -
A/swine/Brazil/365-11-7/2011/H3N2 MS 2011 Nov 10 NS MDCK H3 N2-a pdm pdm
Al/swine/Brazil/12A/2010/H1N1 SC 2010 Jan 30 Lung ECE Hip N1p  pdm -
A/swine/Brazil/18/2012/H1N1 RS 2012 Feb 10 Lung ECE Hip N1p  pdm pdm
A/swine/Brazil/66/2011/H1N1 SC 2011 Apr 13 Lung ECE Hip  N1p  pdm pdm
A/swine/Brazil/107/2010/H1N1 SC 2010 Jul 15 NS ECE H1p Ni1p  pdm pdm
Al/swine/Brazil/132/2009/H1N1 SC 2009 Sep 9 Lung ECE H1p - pdm -
A/swine/Brazil/263/2012/H1N1 SC 2012 Nov 27 Lung ECE Hip  Ni1p  pdm pdm

*ECE, embryonated chicken egg; HA, hemagglutinin; MS, Mato Grosso do Sul State; NA, neuraminidase; NS, nasal swab; pdm, pandemic; PR, Parana
State; RS, Rio Grande do Sul State; SC, Santa Catarina State; —, insufficient sequence data available for analysis.

tLocation of virus collection among 4 states in southern and midwestern regions Brazil provided for each sample (Figure 1).

FViruses are classified as related to human seasonal H1 (H1s, Figure 3), human seasonal H3 (Figure 2), or pandemic H1 (H1p) (online Technical
Appendix Figure 4, http://wwwnc.cdc.gov/ElD/article/21/8/14-1891-Techapp1.pdf).

§Viruses are classified as pandemic (N1p; online Technical Appendix Figure 5) or 1 of the 2 clades of human seasonal N2 (a and b; Figure 4).
{[Polymerase basic 2, polymerase basic 1, polymerase acidic, nucleoprotein, and nonstructural.

#Sequencing was performed directly from the original lung sample for A/wild boar/Brazil/214-11-13D/2011/H1N2.

transmission events associated with clades N2-a and N2-b
are more likely to have occurred during late 1990s. These
estimates overlap with the timing of the introduction of the
H3 segment into swine in Brazil (Figure 2), and a parsi-
monious explanation is that the H3 clade and clade N2-a
both represent the same introduction of human H3N2 vi-
ruses during the late 1990s, although additional sequencing
is needed. In contrast, no evidence exists that the N2 of
human HIN?2 origin has continued to circulate in swine in
Brazil beyond its initial introduction during the early 2000s.
Rather, during the decade since the introduction of HIN2
viruses into the swine population, the HIN2 viruses have
acquired through reassortment 2 different N2 segments of
human H3N2 origin that circulated in swine in Brazil (N2-a
and N2-b), representing 2 independent reassortment events
between HIN2 and H3N2 viruses.

Introductions of Human Pandemic H1N1 IAVs

into Swine in Brazil

The 6 viruses of human pHINI origin that we sequenced
from swine in Brazil were not monophyletic on the H1 or
N1 tree, indicating that these viruses represent multiple
separate human-to-swine introductions rather than clonal
expansion of a single human pHINI1 introduction into
pigs (Table 1; online Technical Appendix Figures 4, 5).
Additional pHIN1 HA and neuraminidase (NA) sequenc-
es were available in GenBank from swine in Brazil; these
sequences also were not monophyletic or closely related
to the pHINI viruses that were sequenced in our study,
suggesting additional introductions of human pHINI1
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viruses into swine herds in Brazil. The lower phylogenetic
resolution of the recently emerged pHINI1 virus and large
number of singleton viruses make precise estimation of
the number of human-to-swine introductions difficult. As
a lower-bound estimate based on monophyletic clusters
supported by high bootstrap values (>70) on the pandemic
HI1, N1, and PB2 trees (online Technical Appendix Fig-
ures 4-6), we conservatively estimate 8 introductions of
pHINI from humans into swine in Brazil, including addi-
tional sequence data from GenBank (Table 2). Including
singleton viruses and poorly supported clusters, as many
as 15 putative human-to-swine introductions in Brazil
were evident on the HA phylogeny (online Technical Ap-
pendix Figure 4). Some of the long branch lengths sepa-
rating singleton swine viruses from human viruses might
represent onward transmission of a pHIN1 introduction in
the swine population in Brazil, but additional sequencing
is needed to confirm sustained circulation. Although the
resolution of the phylogeny inferred for the matrix seg-
ment is even lower, because of the short sequence length,
the swlAVs from Brazil also are not monophyletic on
the matrix tree, consistent with multiple introductions of
pHINI into swine in Brazil (online Technical Appendix
Figure 7). Phylogenies also suggest that human pHINI
viruses have been transmitted multiple times to swine in
other Latin America countries, including Argentina, Co-
lombia, and Mexico (Table 2; online Technical Appendix
Figures 4-6). Only in Costa Rica was the pHINT1 popula-
tion monophyletic with high bootstrap support that sug-
gests a single human-to-swine introduction.
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Table 2. Introductions of influenza A(H1N1)pdm09 virus from humans to swine in Latin America

Introduction Viruses Collection date Bootstrap*
Brazil
1 Al/swine/Brazil/1/2009/H1N1; A/swine/Brazil/2/2009/H1N1; 2009 Aug 11; 2009 Aug 11; 75 (HA), 72 (NA)
Alswine/Brazil/3/2009/H1N1 2009 Aug 11
2 Alswine/Brazil/5/2009/H1N1; A/swine/Brazil/6/2009/H1N1 2009 Aug 28; 2009 Aug 28 97 (HA)
3 Al/swine/Brazil/8/2009/H1N1; A/swine/Brazil/9/2009/H1N1; 2009 Oct 5; 2009 Oct 5; 85 (HA), 85 (NA)
Alswine/Brazil/10/2009/H1N1 2009 Oct 5
4 A/swine/Brazil/12/2009/H1N1; A/swine/Brazil/13/2009/H1N1 2009 Oct 25; 2009 Nov 10 97 (HA)
5 Al/swine/Brazil/19/2010/H1N1; A/swine/Brazil/20/2010/H1N1 2010 Sep 9; 2010 Sep 9 100 (HA), 100 (NA)
6 A/swine/Brazil/107/2010/H1N1 (SC); A/wild boar/Brazil/214-11- 2010 Jul 15; 2011 Jul 25 84 (PB2), 83 (PB1)
13D/2011/H1N2 (RS)
7 Alswine/Brazil/31-11-1/2011/H1N2 (PR); A/swine/Brazil/31-11- 2011 Feb 28; 2011 Feb 28 100 (PB2), 100 (PB1)
3/2011/H1N2 (PR)
8 A/swine/Brazil/185-11-7/2011/H1N2 (SC); A/swine/Brazil/232-11- 2011 Jul 6; 2011 Aug 17 99 (PB2)
13/2011/H1N2 (SC)
Argentina
1 Alswine/Argentina/CIP051-A204/2012/H1N1; 2012 Feb ; 2012 Feb 90 (HA)
A/swine/Argentina/CIP051-A207/2012/H1N1
2 A/swine/Argentina/CIP051/BsAs76/2009/H1N1; 2009 Oct; 2011 Apr 100 (PB2), 86 (PB1)
A/swine/Argentina/CIP051-A160/2011/H3N2
Colombia
1 A/swine/Colombia/1-01/2009/H1N1; 2009 Aug; 2009 Nov 85 (HA)
A/swine/Colombia/1101/2009/H1N1
2 A/swine/Colombia/1/2011/H1N1; A/swine/Colombia/2/2011/H1N1 2011 Jun 16; 2011 Jun 16 100 (HA)
3 A/swine/Colombia/3/2011/H1N1; A/swine/Colombia/4/2011/H1N1 2011 Jul 28; 2011 Jul 28 100 (HA)
Costa Rica A/swine/Costa Rica/000125-15/2010/H1N1; A/swine/Costa 2011 Nov 1; 2011 Nov 1; 100 (HA), 100 (NA)
Rica/000125-3/2010/H1N1; A/swine/Costa Rica/000125- 2011 Nov 1; 2011 Nov 1;
20/2010/H1N1; A/swine/Costa Rica/000125-19/2010/H1N1; 2011 Nov 1
A/swine/Costa Rica/000125-16/2010/H1N1 A/swine/Costa
Rica/000125-14/2010/H1N1
Mexico A/swine/Mexico/SG1443/2010/H1N1; 2010 Oct 2; 2011 Nov 9 100 (HA), 100 (NA)

A/swine/Mexico/SG1450/2011/H1N1

*Bootstrap support for clusters of viruses associated with introductions of pH1N1 virus from humans into swine in Latin America (online Technical
Appendix Figures 4-6, http://wwwnc.cdc.gov/EID/article/21/8/14-1891-Techapp1.pdf). HA, hemagglutinin; NA, neuraminidase; PB, polymerase basic;

pHN1, influenza A(H1N1)pdm09.

Reassortment with pH1N1 Internal Genes

Several additional introductions of pHIN1 were evident
only on the internal gene trees (e.g., PB2; online Technical
Appendix Figure 6) resulting from reassortment with HA
and NA segments of human seasonal virus origin (Tables
1,2). In contrast to the genetic diversity of the HA and NA
segments in swine in Brazil, the genetic diversity of the 6
internal gene segments in Brazil was restricted to pHINI,
at least for those for which sequence data were available
(Table 1). This pattern indicates that the internal genes of
pHINI viruses have reassorted with the HA and NA of
other swlAVs of human seasonal virus origin circulating
in Brazil.

Discussion

Our recently initiated influenza virus surveillance in Brazil
uncovered multiple new lineages of swIAVs that are related
to seasonal influenza viruses that circulated in humans more
than a decade ago. These swlAVs have not been detected
in any other country, including the well-sampled swine
populations of the United States, although surveillance
for swlAVs is infrequent or lacking altogether in neigh-
boring Latin America countries. Therefore, the possibility
that these swlAVs have circulated, or even originated, in
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other Latin America countries that do not routinely con-
duct surveillance in swine cannot be excluded. At this time,
however, the most parsimonious explanation based on the
data available is that human seasonal viruses were intro-
duced at least 3 times into swine in Brazil: H3N2 viruses
were introduced twice into swine during the late 1990s, and
a human seasonal HIN2 virus was introduced during the
early 2000s. Viral segments from all 3 introductions have
persisted in swine at least until 2011, the most recent date
of sample collection. However, the internal gene segments
were replaced in the intervening years by reassortment with
pHINT viruses transmitted from humans to swine in Brazil
multiple times since 2009.

These findings highlight the importance of human-to-
swine transmission in the evolution of swIAV diversity in
Brazil. The detection of multiple influenza viruses of hu-
man seasonal and pandemic origin circulating within Bra-
zil’s large swine herds is entirely consistent with the fre-
quency of human-to-swine transmission that recently has
been highlighted on a global scale for seasonal (35) and
for pandemic (40) influenza viruses. The swlAVs of hu-
man seasonal and pandemic origin also have been identi-
fied in Argentina in recent years (/7,22). Our findings also
match the globally observed pattern that new HA and NA
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segments of human seasonal virus origin persist at higher
rates than the internal genes, which frequently are replaced
through reassortment by cccirculating swine viruses, par-
ticularly pHINI (35).

Our data provided no evidence of importation of any
swlAVs into Brazil from another country’s swine popula-
tion. None of the triple reassortant, classical, or delta lineage
influenza viruses that are prevalent in swine populations
in the United States and Canada were detected in Brazil.
However, it is possible that other swIAV lineages circulate
in Brazil that our surveillance did not detect. Notably, our
surveillance in Brazil did not identify either of the 2 swIAV
lineages (North American triple reassortant or avian-like
Eurasian viruses) that combined to create the pHINI vi-
rus associated with the 2009 pandemic. Consequently, the
geographic origins of the pHIN1 virus in swine before its
emergence in humans in 2009 remain unclear. Additional
swIAV surveillance in unstudied and understudied regions
in Latin America is greatly needed to understand the spatial
origins and evolution of the swine virus that gave rise to the
first pandemic outbreak in Mexico in early 2009.

The identification of swIAV diversity in Brazil, partic-
ularly in the HA and NA segments, has implications for the
design of effective influenza vaccines for Brazil, which are
in development. Although influenza viruses had been iso-
lated from swine in Brazil from as early as 1974, influenza
was not believed to be a major problem clinically for swine
until the 2009 pandemic (/8,19). Our findings suggest that
H3N2 and HIN2 viruses could have circulated for many
years in Brazil but were not associated with major clini-
cal illness and have become pathogenic only since 2009,
after reassortment with co-circulating pHIN1 virus internal
genes. Given the relatively limited number of samples we
collected compared with the large population of =41 million
swine in Brazil, additional surveillance is critically needed
to understand the diversity of swIAVs in circulation. Fur-
ther surveillance is also necessary to select representative
vaccine strains that will best protect against the diversity
of swlAVs circulating in Brazil. Finally, further antigenic
characterization is needed to assess the age-specific pan-
demic threat presented by these new swlAVs. The H3N2
and HIN2 viruses are most closely related to human sea-
sonal IAVs that circulated during the 1990s and 2000s, and
children may have particularly low preexisting immunity.
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Technical Appendix Table. GenBank accession numbers for 16 swine influenza viruses from Brazil sequenced at EMBRAPA (Brazilian Agricultural Research Corporation)*

GenBank accession no.

Polymerase Polymerase Polymerase
Virus basic 2 basic 1 acidic Hemagglutinin  Nucleoprotein Neuraminidase Matrix Nonstructural  Reference
A/swine/Brazil/185-11-7/2011/H1IN2 KM507517 KM507516 KM507518 KM507519 KM507520 KM507521 KM507522 KM507523
Al/swine/Brazil/232-11-13/2011/H1N2 KM507524 KM507525 KM507526 KM507530 KM507527 KM507531 KM507528 KM507529
Al/swine/Brazil/232-11-14/2011/H1N2 KM507532 KM507534 KM507533
Alswine/Brazil/31-11-1/2011/HIN2 KF680293 KF680294 KF680295 KF680296 KF680297 KF680298 KF680299 KF680300 27)
Alswine/Brazil/31-11-3/2011/HIN2 KF680286 KF680285 KF680287 KF680291 KF680288 KF680292 KF680289 KF680290 27)
Alwild boar/Brazil/214-11-13D/2011/H1N2 KF572613 KF572614 KF572615 KF572616 KF572617 KF572618 KF572619 KF572620 (26)
Alswine/Brazil/231-11-1/2011/H3N2 KM507535 KM507537 KM507536
Al/swine/Brazil/355-11-6/2011/H3N2 KM507503 KM507505 KM507504
Al/swine/Brazil/365-11-6/2011/H3N2 KM507506 KM507507
Al/swine/Brazil/365-11-7/2011/H3N2 KM507508 KM507509 KM507510 KM507511 KM507512 KM507513 KM507514 KM507515
Al/swine/Brazil/12A/2010/HIN1 KM507538 KM507539 KM507540 JF421756 KM507541 KM507542 KM507543 KM507544 (29)
Alswine/Brazil/18/2012/H1N1 KM496984 KM496985 KM496986 KM496987 KM496988 KM496989 KM496990 KM496991
Alswine/Brazil/66/2011/H1N1 KM496992 KM496993 KM496994 KM496995 KM496996 KM496997 KM496998 KM496999
Alswine/Brazil/107/2010/H1IN1 KF683611 KF683612 KF683613 KF683614 KF683615 KF683616 KF683617 KF683618 (26)
Alswine/Brazil/132/2009/H1IN1 KM497008 KM497009
A/swine/Brazil/263/2012/HIN1 KM497000 KM497001 KM497002 KM497003 KM497004 KM497005 KM497006 KM497007
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Table S1. GenBank accession numbers for 16 swine influenza viruses from Brazil sequenced at Embrapa (Brazilian Agricultural

Research Corporation).

Virus GenBank accession numbers Ref
PB2 PB1 PA HA NP NA M NS

;‘/’2551/537;/2185"" KM507517 KM507516 KMS07518 KMS07519 KMS07520 KMS507521 KMS07522 KMS07523

;\3/?;0/:31?;.]15232-11- KM507524 KM507525 KM507526 KM507530 KMS07527 KM507531 KMS507528 KM507529

Alsw/Brazil/232-11-

e KM507532 KM507534 KMS507533

’l"//zs(;vl/ﬁglz;\lg 1-11- KF680293 KF680294 KF680205 KF680296 KF680297 KF680298 KF680299 KF680300 (27)

g\/zs(;vl/ﬁgf‘#;l'”' KF680286 KF680285 KF680287 KF680291 KF680288 KF680292 KF680289 KF680290 (27)

AT EIA1)- KF572613 KF572614 KF572615 KF572616 KF572617 KF572618 KF572619 KF572620  (26)

13D/2011/HIN2

A/sw/Brazil/231-11-

s KM507535 KM507537 KMS507536

A/sw/Brazil/355-11-

oot KMS507503 KMS507505 KMS507504

A/sw/Brazil/365-11-

Skl KMS507506 KM507507

A/sw/Brazil/365-11-

e KM507508 KMS07509 KMS07510 KMS07511 KMS07512 KMS07513 KMS07514 KMS07515

Alsw/Brazil/12A2010/HINT  KM507538 KMS507539 KM507540 JF421756 KMS07541 KMS07542 KMS07543 KMS07544 (19)

Alsw/Brazil/1$/2012/HINT ~ KM496984 KM496985 KM496986 KM496987 KM496988 KM496989 KM496990 KM49699]

Alsw/Brazil/66/201 /HINT ~ KM496992 KM496993 KM496994 KM496995 KM496996 KM496997 KM496998 KM496999

Alsw/Brazil/107/2010/HINI  KF683611 KF683612 KF683613 KF683614 KF683615 KF683616 KF683617 KF683618 (26)

Alsw/Brazil/132/2009/HIN | KM497008 KM497009

Technical Appendix Figure 1. Maximume-likelihood (ML) tree of human and swine influenza H3

segments. Tree is similar to that in Figure 2 but inferred using ML methods. Branch lengths represent

genetic distance and are drawn to scale. Bootstrap values for key nodes >75 are provided. Asterisk

indicates the clade of Brazilian viruses.
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Technical Appendix Figure 3. Maximume-likelihood (ML) tree of human and swine influenza N2
segments. Tree is similar to that in Figure 4 but inferred using ML methods. Branch lengths represent
genetic distance and are drawn to scale. Bootstrap values for key nodes >75 are provided. Asterisks

indicate the 2 clades of Brazilian viruses.

Page 4 of 6



A_swing_Mexico_SG1447_2011_H3IMN2-Mex-H3-3--2011-10-21
A_swine_Mexico_SG1449_2011_HIN2-Mex-H3-3--2011-10-21
g L A_swine_Mexico_SG1442_2010_HIN2-Mex-H3-3--2010-11-28
A_gswine_Mexico_SG1444_ 2011 _HINZ-Mex-HI-3--2011-10-21
— A_swine_Minnesola BEA5SI_2008_H3INZ-USA-HI-3--2008-12-28
A_swine_CQuebac 01001 _2008_H3IN2-Can-H3I-3--2008-02-23
- N2 human SeaSDnal A_swine_Ouebec_01002_2006_HAN2Z-Can-H3-3--2006-02-23
A_swine _QC_440-A_2008_H3IN2-Can-H3-3--2009-05-29
A_swine_0QC_2108-2_2008_H3N2-Can-H3-3--2008-04-03

- .‘-‘-.rgentina swine — A_swine_Minnesota_1145_2007_H3NZ-USAH3-3--2007
A_swine_Quebec_4001_2005_HINZ-Can-HI-3--2005-07-12

- Brazil swine A_swine_Manitoba_SG1431_2008_HINZ-Can-H3-3--2008-06-17

B usA/Canada swine

A_swine_Manitoba_SG1432 2008 HIN2-Can-H3-3--2008-08-17
W Vietnam swine

r[_ A_swine_Mexico_SG1448_2011_HIN2-Mex-H3-3--2011-10-21

A_swine_Korea PLD1_2012_H3IN2-Kor-H3-3--2012-04-23
A_swine_Minnesola_SG1238_2005_H3IN2-USA-H3-3--2005-06-02
A_swina_Minnesota_65767_2006_HIN2-USA-H3-3--2006-12-26
A_swine_QC_382_2009_H3N2-Can-H3-3--2009-05-08
A_swine_0OC_16840-2_2008_H3IN2-Can-H3-3--2008-05-28

A _gwine_Ontario_33853_2005_HAIN2-Can-H3-3--2005

1 A_swine_Maniioba 00448 2005 HINZ-Can-H3-3--20085-01-25
Il Europe swine e e g A
A_swine_Minnesota SG1236_2005 HIN2-UBA-H3-3--2005-04-22
- China SWinE A_swine_Minnesols_00484_2005_HIN2-USA-HI-3--2005-01-20

A_swine_Minnesola_SG 1283 2007 _H3IN2-USA-H3-3--2007-04-06
A_swine_Oklahoma_ 008722 2007_H3IN2-USA-H3-3--2007
kA _swine_BritishColumbia_00633_2005_H3aN2-Can-H3-3--2005-0518
A_swine_Manitoba_01782_2007_H3aN2-Can-H3-3--2007-10-03
A_swine_Manitoba 01842 2007 H3IM2-Can-H3-3--2007-08-20
A_swine_Maniloba_01643_2007_H3N2-Can-H3-3.-2007-068-20
A_swine _Texas SG1270_2007_HIN2-USA-H3-3--2007-03-01
A_swine_Saeskalchewan_01114_2006_H3N2-Can-H3-3--2006-05-01
A_swine_Saskaichewan_SD0001_2011_H3IN2-Can-H3-3--2011-12-01

- ,}apan swine [ A_swine_Maniioba 02662 _2000_HINZ-Can-H3-3--2009-07.01
A

swina_Manitoba_01178_2006_HANZ-Can-H2-3--2006-06-29
A_awine_Nebraska_01711_2007_HAN2-USA-H3-3--2007-07-31
E A_gwine_Minnesota_01146_2006_ H3IN2-USA-H3-3--2006-05-25
A_mwine_Manitoba_SG1438_2011_HIN2-Can-H3-3--2011-11-08
A_swine_Ohlo_12TOSU3T0_2012_H3IN2-USA-HI-3--2012-08-
A_swing_Indiana_AD1260254 2013 _H3IN2-USA-H3-3--2013-03-20
A_swina_Ohlo_A00138552_2012_H3IN2-USA-H3-3--2012-09-02
A_swine_Indiana_AD01260313_2013_H3N2-USA-H3-3--2013-06-21
A_swine_Indiana_13TOSU1128_2013_HAN2-USA-H3-3--2013-07-25
A_gwing_Wiscongin_AOMETTS00_2012 HINZ-USA-H3-3--2012-08-19
A _swine_Indiana_AOQRESBATE_ 2012 HINZ-USA-HI-3--2012-07-13
A_swine_llinols_A01432127_2012_HaN2-USA-H3-3--2012-10-29
A_swine_Ohlo_12TOSUS2_2012_HIN2-USA-H3-3--2012-06-22
A_swine_Tennessee_A01104055_2012_HIN2-USA-H3-3--2012-10-25
A_swine_lllingia_A01244402 2012 _H3IN2-USA-H3-3--2012-12-05
A_swine_lowa_AO01243311_2012_H3N2-US5A-H3-3--2012-04-23
A_swine_lowa_13C020_2013_H3aN2-USA-H3-3--2013-03-26
A_swing_lowa_13C038_2013_HINZ-USA-HI-3--2013-03-26
A_swing_lowa_13C018_2013_H3INZ2-USA-H3I-3--2013-03-26
A_swine_lowa_13C040_2013_HIN2-LSA-HI-3--2013-03-26
A_swine_Maniioba_02182_2008_H3M2-Can-H3-3--2008-05-30
A_swine_lowa_AD1049032_2010_H3IN2-USA-H3-3--2010-11-16
A_swine_OC_414_2009_H3IN2-Can-H3-3--2008-05-22
A_swine_Nebraska_AQ01049837_2011_H3IN2-USA-H3-3--2011-05-04
A_swine_SouthDakota_3_2012_HIN2-USA-H3-3--2012-08-
A_swine_NorthCarolina_AQ01076159_2010_H3INZ-USA-H3-3--2010-03-14
A_swine_Minnesola_T7931_2007_HINZ-USA-HI-3--2007-02-28
A_gwine_Minnesota_00811_2005_ HAN2-USA-HI-3--2005-05-20
A_swine_Alberia_SG1405_2005_HINZ-Can-H3-3--2005-10-07
A_swine_pAlbera_0DB0S5_2005_H3IWZ-Can-H3-3--2005-10-10
_:A_mme _lowa_A01040036_2010_H3N2-USA-H3-3--2010-11-16
A_swine_lowa_A01203942_2012_H3N2-USA-H3-3--2012-10-02
Eﬁ._nﬂnu_lllmnis_m 131 _2006_H3IM2-UBA-H3I-3--2006-05-05

E A_swine_Arkansas_SG1285_2008_HIN2-USA-H3-3--2008-05-15

" South Korea swine
" Thailand swine
. Mexico swine

A_swine_Minnasola_761_2007_HINZ-USA-H3-3--2007
A_swine_Minnesota_SG1294 2007 _HAN2-USA-H3-3--2007-04-05
A_swine_Ohio 08SW73IM_2009_H3MN2-USA-H3-3--2000-08-08
A_swine_Ohlo_00SWE3_2008 HIN2-USA-H3-3--2009-08-08
A_swine_Ohlo_095W14BBE_2008_H1N2-USA-CLSH1--2008-07-05
A_swine_Ohio_095W1483M_2000_H1N2-USA-CLSH1--2009-07-05
A_swine_Ohio 098W1484M_2000_H1N2-USA-CLSH1--2008-07-05
A_swine_OChio_095WAT_2008_HIN2-U5A-H3-3--2000-08-13
A_swine_Ohio_095W1450E_2008_H1N2-USA-CLEH1--2006-07-05
A_swine_Ohio_095WEE_2008_ HINZ-USA-HI-3--2009-08-08
A_swine_Ohio_09SW92_2008_ HINZ-USA-H3I-3--2009-08-13
A_swine_Ohlo_00SWB2_2008_HIN2-USA-H3-3--2008-08-13
A_gwine_lllingiz_02807_2008_H3IN2-USA-H3-3--2009-10-21
A_swine_Keniucky_SG1118_2003_mixed-USA-CLEH1-N2-4--2003-07-22
A_swine_SouthDakota_1528_200%_H1N2-USA-H1-6--2009-09-04
A_swine_|llinois_53812-2_2008_H3N2-USA-H3-3--2009-08-20
A_swine_lllinols_ADT047528_2010_H3INZ-USA-H3-3--2010-12-02
A& _gwine_Ningis_AODI057087 _2010_HIN2-USA-H3-3--2010-04-28
A_swine_lllinois _53612-3_2009_H3INZ2-USA-H3I-3--2009-09-21
A_swine_Minnesola_D1862 2007 HAINZ-USA-H3-3--2007-11-20
A_swine _Ohio_108W213_2010_HIN2-USA-H3-3--2010-08-24
A_swine_Ohwo_108W132_2010_H3MN2-USA-H3-3--2010-08-12
A_swine_Ohio_105W125_2010_H3N2-USA-H3-3--2010-08-12
A_swine_Ohio_105W126_2010_HIN2-US5A-H3-3--2010-08-12
A_swine_Ohio_t10SW219_2010_H3IN2-USA-H3-3--2010-08-24
A_swine_Ohio_108W122_2010_HINZ-USA-H3-3--2010-08-12
A_swine_Ohio_105W214_2010_H3N2-USA-H3-3--2010-08-24
A_swine_Arkansas 02927 _2009_H1N2-USA-H1-8--2008-12-02
A_swine_Atkansas_3501208_2008_H3IN2-USA-H3-3--2008-12-30
A_swine_Arkanses_SG1207_2008_H3N2Z-USA-H3-3--2008-10-15
A_swine_MorthCarolina_03289_2011_H3aN2-U5A-H3-3--2011-01-07
A_swine_NorthCarolina_SG1364_2010_H3MNE-USA-H3-3--2010-11-24
A_swine_lowa_A01049160_2010_HAN2-USA-H3-3--2010-11-30
A_swine_NorhCarolina_RO&-001877-D0E-013371_2008_HINZ-USA-HI-3--2008
A _swine_MNorthCaralina_01469_2007 _H3IN2-USA-H3-3--2007-02-21
A_swine_MNerthCargling_01830_2007_H3N2-LUSA-H3-3.-2007-07-27
A_swine_MonhCarolinag SG1306_2008_ HIN2-USA-H3-3--2008-07-03
A_swine_Minnesola_ 001333 _2006_H3N2-USA-H3-3--2008-11-17
A_swina_Minnesola_578_2007_HIMZ-USA-H3-3--2007-01-24
A_swine_Minnesota_1300_2007_H3NZ-USA-H3-3--2007-01-31
A_swine_Minnesota_566960_2006_HAIN2-USA-H3-3--2006-12-26
A_swing_NorhCarolina_01312_2006_HINZ-USA-HI-3--2006-11-16
A_swine_NerthCaroling_SG1197_2004_HaIN2-USA-H3-3.-2004-12-20
A_swine_NorthCargling 01484 2006 _H3IN2-USA-H3-3--2008-11-03
A_swing_NorthCarolina_01506_2006_H3IM2-USA-H3-3--2006-10-31
A_swine_Minnesola_S5847_2007_H3N2-USA-H3-3--2007-02-20
A_swine_NorthCarolinag_SG1464_2004_HIMN2-USA-H3-3--2004-03-10
A_swine_MorthCarolina_01216_2006_H3aN2-USA-H3-3--2006-08-16
A_swine_NorthCarolina_01052_2006_H3N2-US5A-H3-3--2006-03-14
A_swine_Korea_CY03-17_2012_HIN2-Kor-H3-3--2012-03-27
A_swine_Korea _CY03-186_2012 H3IN2-Kar-H3-3--2012-03-27
A_swing_Korea_CY03-15_2012_ HINZ-Kor-H3-3--2012-03-06
A_swing_Korea_CYD3-14_2012_H3IN2-Kor-H3-3--2012-03-06
A_swine_Korea_ CY03-19_2012_H3M2-Kor-H3-3--2012-03-27
A_swine_Korea_CY03-18_2012_H3MN2-Kor-H3-3--2012-03-27
A_swine_Korea_CY02-10_2012_H3iN2-Kor-H3-3--2012-02-20
A_swine_Korea_CYO02-08_2012_HINZ-Kor-H3-3--2012-02-07
A_swine_Korea _KSB_2012_H3IN2-Kor-H3-3--2012-03-
A _gwine_Korea_A18_ 2011_HIN2-Kor-H3-3--2011-09-
A_swing_Korea_D7T9_2011_HaN2-Kor-HI-3--2011-10-
A_swing_Ohlo_ A01203186_2012_HINZ-USA-HI-3--2012-01-24
A_swing_Indiana_A01049T44_2011_HINZ-USA-H3-3--2011-03-23
A_swine_lilinoda_A01301786_2012_H1N2-USA-H1-5--2012-02-10
A_swine_Ohio_118W103_2011_H3N2-USA-H3-3--2011-08-05
A_swine_Missouri_A01270665_2012_ HIN2-USA-H1-5--2012-10-02
A_swine_lllinois_ADt1049958_2011_HIN2-USA-H1-5--2011-05-11
A_swing_Nebraska_A012T0646_2012 HINZ-USA-H1-5--2012-10-10
A_swing_lowa _ADT432034_2012_HINZ-USA-H1-5--2012-10-11
A_swine_lllinois_ ADDBSTIZE 2012 _HIN2-USA-H1-5--2012-08-14
A_swine_lllinoks_ADDBSTI04a_2012_H3IN2-USA-H3-3--2012-01-05
A_swine_0Ohio_115W344_2011_H3N2-USA-H3-3--2011-09-30
A_swine_lowa_A01040870_2011_H1N2-USA-H1-5--2011-05-16
A_swine_Pennsylvania_62170-3_2010_H3INE-U5A-H3-3--2010-10-25
A_swine_Arkansas_SG13aT7_2011_HIN2-USA-H1-5--2011-04-29
A_swing_lllinois_A01243094_ 2012 _HINZ-USA-H1-5--2012-01-30
A_swine_Arkansas_SG1382_2011_HIN2-USA-H1-5--2011-06-14
A_swing_lndiana_AD1048053_2011_HiN2-USA-H1-5--2011-05-07
A_swine_Alabama_AD1104058_2012_mixed-USA-H3-3--2012-12-12
A_swine_Minnesocia_ 0745 _2010_HIMN2-USA-H1-5--2010-03-03
A_swine_Oklahoma_016179-8_2008_H1N2-USA-H1-5--2008
A_swine_Oklahoma_016178-9_2008_H1N2-US5A-H-5--2008
A_swine_QOklahoma _02107_2008 HINZ-USA-H1-5--2008-04-02
A _swine_Oklahoma _010710-9_2008_H1NZ-USA.H1-5--2008
A_swine_Oklahoma_010710-8_2008_H1H2-USA:H1-5-2008
A_swing_Oklahoma_SE1501_2010_mixed-USA-H1-5--2010-11-18
A_swine_Texas_050625_2008_HI1M2-USA-H1-5--2008
A_swine_Oklanoma_020736-2_2008_H1N2-USA-H1-5--2008
A_swine_Oklanoma_020736-1_2008_H1N2-USA-H1-5--2008
A_swine_Oklahoma_011521-5_2008_H1N2-USA-H1-5-2008
A_swine_Oklahoma_020734-2_2008_H1N2-USA-H1-5--2008
A_swine_Oklahoma_053258_2008_H1NZ-USA-H1-5--2008
A_swine _Oklahoma_011521-4_2008_H1N2-USA-H1-5-2008
A_swine Oklahoma _011289-9_2008_H1NZ-USA-H1-5--2008
A_swine_Oklahoma_0112858-10_2008_H1M2-USA-H1-5--2008
A_swine_Oklahoma_011289-8_2008_H1N2-USA-H1-5--2008
A_swine_Oklahoma_020734-3_2008_H1N2-USA-H1-5--2008
A_swine_Oklahoma_010226-17_2008_HIN2-USA-H1-5--2008
A_swine_Texas_SG1501_2010_HINZ-USA-HI-3--2010-04-20
A_swine_Kansas_015252_2008_H3NZ-USA-H3-3--2009
A_swing_Oklahoma_042169_2008_H1N2-USA-H1-5--2008
A_swine_Oklahoma _02056_2008_H1N2-USA-H1-5.--2008-02-29
A_swine _Oklahoma_010228-16_2008_Ht1M2-USA-H1-5--2008
A_zwine_Minnesota_3128_2010_H1N2-USA-H1-5—-2010-08-24
I A_swine_Kentucky_12TOSU1052_2012_H1N2-USA-H1-5--2012-11-05
A_gwine_Kentucky 12TOSU1053_ 2012 HIN2-USA-H1-5--2012-11-05
A_swine_Minnesota_5G1133_2008_HIMN2-USA-H1-5--2008-04-28
= A _swine_Minnesota_02324_2008_HI1N2-USA.H1-5--2008-09-10
A_swine_Texas _SG1250_2008_HINZ-USA.H1-5.-2008-08-21
A_swine_Texas 01492 2007 _H1N2-USA-H1-5--2007-03-08
A_swine_Oklahoma_01741_2007_HI1N2-USA-H1-5--2007-08-23
A_swine_Oklahoma_01117_2006 _HIN2-USA-H1-5--2006-05-02
A_swine_lowa_SG1469_2004_H3IN2-USA-H3-3--2004-10-14
A_swine_lllinols_00303_2004_H3N2-USA-H3-3--2004-05-18
A_swine_Oklahoma_00518_2005 _H3IN2-USA-H3-3--2005-03-01
A_swina_Oklahoma_SG1473_2005_HIN2-USA-H3-3.-2005-08-23
A_swine_NorthCaroling_2003_HINZ-USA-H3-3.-2003
A_swine_NorthCarolina_SG1230_2005_HAN2-USA-H3-3--2005-03-16
A_swina_Minnasota 00708 _2005_ HIN2-USA-H3-3--2005-08-18
A_swine_Minnesola_001444 2007 _H3IN2-USA-H3-3--2007-01-18
A_swine_Manitoba_12707_2005_H3M2-Can-H3-3--2005
A_swine_Alberia_14722_2005_H3INZ-Can-H3-3--2005
A_swine_Saskatchewan_02803_2008_H3NZ-Can-H3-55--2009-08-24
A_Canterbury_58_2002 HINZ-humn--2002-07-02
A_Cantarbury_08_2002_HINZ-humn--2002-04-11
A_Canterbury_08_2002_H3IN2-humn--2002-04-19
F A _Morioka 52 2002 HIN2-humn--2002-03-01
— A _Mew-York_130_2002_H3INZ-humn--2002-03-11
A_Mew-York _114_2002_H3IN2-humn--2002-03-05
A_Queensland_18_2001_H3MN2-humn--2001-07-14
A_swine_Argentina_CIP051-A2_2008-HIN2-Arg-H3-17--2008-11-
| L- A_swina_Argentina_CIPO51-A160_2011-HINZ-Arg-H3-17--2011-04-
A_New-York_412_2002_HINZ-humn--2002-02-01
A_Netherlands_118_2001_H3INZ-humn--2001-03-14
A_New-York _194_2003_H3IN2-humn--2003-02-05
b & Alaska_17_2003_MN2-humn--2003-04-07
A_swine_lows_HO3LOHS_2003_H3IM2-USA-H3-s1--2003-08-
LE A_Georgla_03_2013_H3INZ-humn--2013-07-14
A

A_California_22_2013_H3N2-humn--2013-05-08
_Alaska_05_2013_HINZ-humn--2013-04-23
= A_Alabama_07_2013_H3NZ-humn--2013-05-22
A_Hong-Kong_ CUHKI1887_2011_HIN2-humn--2011.11-30
= A_Arkangas_06_2013_H3IN2-humn--2013-07-26
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A_Canterbury_220_2005_H3IN2-humn--2005-07-16
A_Maw-York_§_2006_HINZ-humn--2006-04-08
A_swine_BinhDuong_03-06_2010_HINZ2-Viet-H3-15--2010-02-
A_swine_BinhDuong _03-14_2010_HAINZ-Vigt-H3-15--2010-02-
A_swine_BinhDuong _03-13_2010_H3IN2-Viet-H3-15--2010-02-
A_swine_BinhDuong_03-08_2010_H3AN2-Viel-H3-15--2010-02-
A_swine_BinhDuong_03-10_2010_H3N2-Viet-H3-15--2010-02-
A_swine_BinhDuong_03-08_2010_H3N2-Viet-H3-15:-2010-02-
A _swina_HongKong_NS2438_2011_HAINZ2-Chi-H3-15--2011-06-18
A_gwine_HongKong_2503_2011_H3N2-Chi-H3-15--2011-06-16
A_swine_Guangxi _NS2T83_2010_H3N2-Chi-H3-15--2010-11.07
A_swing _BinhDoung_02-16_2010_H1N2-Viel-H1-16--2010
I A_Cantarbury_212_2005_H3N2-humn.-2005-07-20
A_Canterbury_186_2005_HaMN2-humn--2005-07-11
= A_Hong-Kong CUHKS0600_2004 _H3INZ-humn--2004-07-06
[I-A_Mnlaylln_éam1 _2004_H3N2-humn--2004-06-23

A_Malaysia_29361_2004_H3MN2-humn--2004-08-04
A_Malaysia_29197_2004_H3N2-humn--2004-07-20
A_Hong-Kong_CUHKS251_2002_HIN2-humn--2002-01-10
— A_Mew-York_198_2003_H3IN2-humn.-2003.03-08

A_South-dakota_9_2003_N2-humn--2003-05-20

A_Netherlands_108_2003_H3IN2-humn--2003-03-17

A_Hong-Kong CUHKS5167_2003_H3MN2-humn--2003-01-07

A_Mew-York_199_2003_H3N2-humn--2003-03-21

A_Netherlands_22_2003_H3IN2-humn--2003-02-23
A_Hong-Kong_GUHKZ4044_2002_H3N2-humn--2002-06-01
= A_Hong-Kong CLUHK28580_2000_HAN2-humn--2000-07-30

A_Hong-Kong CUHK2T183_2000_HINZ-humn--2000-08-06

|{ A_Hong-Kong CUHK22B8B_2001_H3IN2-humn--2001-05-28
A_Hong-Koeng_CUHK21734_2001_H3MN2-humn--2001-04-21
A_Malaysia_12106_1987_HINZ-humn--1987-03-14
A_Canterbury_37_2001_H3IN2-humn--2001-07-09
A_Canterbury_10_2001_H3M2-humn--2001-06-07
A_Waikato_1_2001_H3IN2-humn--2001-04-25
A_Hong-Kong _CUHK21421_2001 _HINZ-humn--2001-04-11
A_Notherdands_126_2001_HINZ-humn--2001-03-21
A_Canterbury_87_2000_H3IN2-humn--2000-08-31
A_Canterbury_17_2000_H3IN2-humn--2000-08-07
A_Canterbury_39_2000_H3IMN2-humn--2000-08-27
A_Wallington_9_2000_H3M2:-humn--2000-08-22
A_MNew-York_436_2000_HINZ-humn--2000-01-10
A_Hong-Kong_CUHK21128_2000_H3N2-humn--2000-02-06
A_MNew-York_440_2000_HINZ-humn--2000:01-24
= A_Malaysia_10987_1996_HIN2-humn--1$86-10-18
= A_Hong-Kong CUHK31510_10899_H3N2-hurmn--1998-08-07
A_Maw-York_217_2002_H1N2-humn--2002-12-16
A_swine_Argentina _CIP051-StaFeMN2_2010-H1M2-Arg-H1-18--2010-05-
= A_New-York_228_2003_H1N2-humn--2003-04-24
A _gwine_DOntarko_52156_03_H1N2-Can-H1i-84--2003
A_MNew-York_211_2003_H1N2-humn--2003-01-01
A_New-York_482_2003_H1N2-humn--2003:01-13

A_Mew-York_490_2003_H1N2-humn--2003:01-27

A_Naorth-Caralina _T_2002_HINZ-humn--2002-10-05
A_MNew-York_d417_2002_H1M2-humna--2002-03-07
A_Pannsylvania_1_2002_H1MN2-humn--2002-02-06

A_Mew-York_26_2002_H1N2-humn--2002-04-02
' A_Wisconsin_9_2002_H1MN2-humn--2002-02-21
A_Wallington_22_2001_HIN2-humn--2001-07-08
= A_fuckland_600_2000_HINZ-humn--2000-05-06
A_Hong-Kong CUHK14672_1989_HINZ-humn--1999-06-13
= A_Hong-Kong _CUHK18036_1998_HINZ-humn--1998-08-31
A_Hong-Kong CUHK12180_1987_HIN2-hufmn--1987-08-10
A_swine_Hubei 04_2008_H1M2-Chi-CLSH1--20058-03-10
A_swine_Hubel_05_2008_HiN2-Chi-CLSH1--2009-03-10
A_swine_Shanghal_1_2007_H1N2-Chi-CLSH1--2007-03-24
A_swine_Henan_4_2010_HIMN2-Chi-CLEH1--2010-12-
A_swine_Henan_YIL_2010_HIN2-Chi-CLEH 20101 2-
A_gwine_Guangdang_1_2010_H1N2-Chi-CLEH1--2010-01-30
A_swing_Guangdong_2870_2010_HTN2-Chi-CLEH1--2010-08-28
A_swine Guangdong 2693 _2010_H1N2-Chi-CLSH1--2010-08-28
A_swine_Guangdong_2712_2010_H1N2-Chi-CLSH1--2010-08-26
A_swine_Guangdong_2678_2010_HI1N2-Chi-CLSH1--2010-08-26
A_swine_Guangxl 13 _2006_H1N2-Chi-CLSH1--2006
A_swine_Heonglong_1110_2006_H1H2-Chi-CLEH 1 --2006-08-01
A_swine_Guangdong_1222_2008_H1N2-Chi-CLEH1--2006
A_swine_HongKong _2237_2010_HINZ-Chi-CLEH1--2010-08-02
A_swine_HongKong_1562_2005_H1N2-Chi-GLSH1--2005-11.11
A_swine_HongKong 1435 2009 H1N2-Chi-CLSH1--2008-07-23
A_swine_HongKong_1479_2009_H1M2-Chi-OLSH1--2008-07-23
A_swine_Hebel_10_2008_HIN2-Chi-CLSH1--2006-10-
= A _Swine_Minnesola_593_899_H3IM2-USA-H3-2--1889
A_swine_HKorea_ CY03-11_2012_HINZ-Kor-CLEH1--2012-03-06
_i I A_swine_Korea_CY12-03_2011_HIN2-Kor-QLSH1--2011-12-05
A_swine_Korea_1204_2009_HIN2-Kor-CLEH1--2006-02-
_l A_swine_Korea _CY0423-12_2013_HIN2-Kor-EURH1--2013-04-23
A_swing_Korea CY0423-33_2013_HI1N2-Kor-EURH1--2013-04-23
A_swing_NornhCarolina_01169_2008_HIN2-USA-CLSH1--2006-06-22
A_swine_MorthCarolina_ADI270383_2011 _H1M2-USA-H1-8--2011-12-08
e A_swine_Korea_1130_200%_ H1N2-Kor-CLSH1--2008-01-
A_swine_Texas_00816_2005_H3M2-USA-H3-3--2005-10-12
A_gwine_lowa_00186_2003_H3N2-USA-H3-3--2003-10-02
A_swine_lowa_HO3HOT_2003_HINZ-USA-HI-3--2003-06-
A_swine_Minnesota_STE3_2003_HINZ-USA-CLEH 12003
= A_swing_Texas_01308_2008_HIN2-USA-CLSH1--2008-11-02
A_swing_Oklahoma_01382_2008_HIN2-USA-CLSH1--2008-12-08
A_swing_lndlana_00427_2004_H1N2-USA-CLSH1--2004-11-02
A_swine_Oklahoma_ 00259 _2004_H1N2-USA-CLSH1--2004-03-03
A_swine_Kansas_00246_2004_H1M2-USA-CLSH1-2004-02-05
A_swine_Texas_4198-2_1958_HINZ-USA-H3-2--1688
e A gwine_Minnesota_1192_2001_HINZ-USA-CLSH1--2001
A_swing_MNebraska_ AD1300022_2012_HAINZ-USA-H3-3--2012-08-12
A_swing_Nebraska AQ1240337_2011_HINZ-USA-H3-3--2011-11-13
A_swine_Minnesota_AD1240127_2011_H3N2-USA-H3-3--2011-10-10
A_swine_lllinoks_AD1202825_2011_H3M2-USA-H3-3--2011-11-08
A_swine_Kansas_11-106700_2011_H3N2-USA-H3-3--2011-04-02
A_swine_Kansas_11-107824_2011_H3N2-USA-H3-3--2011-03-18
A_swina_Kansas_10-31068_2010_HIN2-USA-HI-3--2010-12-30
A_swine_lowa_AD1203121_2012_H3NZ-USA-H3-3--2012-01-05
A_swine_Toexas_AQ1045915_2011_HEN2-USA-H2-0--2011-04-28
A_gswine_Texas_ADT049555_ 2011 _HINZ-USA-HI-3--2011-02-14
A_swine_Texas O0S648 2008 HIM2-USA-H1-5--2008
A_swing_Oklanoma_011508_2007_H3N2-USA-H3-3--2007
A_swine_SouthDakota_SG1453_2003_H3N2Z-USA-H3-3--2003-04-10
[ A_swine_Oklahoma_SGE1216_2005_H3IN2-USA-H3-3--2005-03-03
A_swina_Minnasota_01604_2007_HINZ-USA-H1-5--2007-05-01
I A_swine_Texas_00378_2004_HAINZ-USA-H3-3--2004-07-22
A_swine_Texas_SG1186_2004_HINZ-USA-HI-3--2004-10-22
A_swine_MNorthCarglina_SG1462_2004_HINZ-USA-H3-3--2004-03-03
A_swine_NorthCaralina_02249_2008_HiN2-USA-H1.8--2008-07-30
A_swina_Wisconsin_HO2ZASE 2002 _H3IN2-USA-H3-3--2002
A_swine_lowa_HO2AS8_2002_H3NZ-USA-H3-3--2002-11-
A_swine_lowa_HO3IHB4_2003_HINZ-USA-H3-3--2003-02-
A_Hong-Kong_358_19%6_H3IN2-humn--1886-07-19
rI A_Malaysia_t0360_1896_HIN2-humn--1596-07-02
A_Malaysia_10370_1996_H3IMN2-humn--1596-07-03
= A_New-York _587_1987_HANZ-humn--1897-01-06
A_New-York_502_1998_HIN2-humn--1998-03-20
A_New-York_525_1098_H3N2-humn--1998-03-03
A_Hong-Kong CUHK4391_1897_H3M2-humn--1987-03-22
A_Hong-Kong_GCUHK12563_1587_HIN2-humn--1987-06-02
A_Hong-Kong_GCUHKZ2185_1887_H3N2-humn--1687-08-23
A_Hong-Kong_CUHKZ0010_1897_HINZ-humn--1687-06-19
A_Hong-Kong_CUHK17643_1898_H3N2-humn--1598-08-14
A _MNew-York_332_1998_H3IN2-humn--1998-02-17
A_swine Nebragka 00188 2003 _H3INZ-USA-H3-32--2003-10-03

A_sw_Brazil_232_11_14_2091_HIN2:--2011-0817
A_sw_Brazil 232 _11_13_2011_H1INZ--2011-08-17

a0 A_sw_Brazil_187-11-7_2011_H1N2--2011-07-08 clade N2-a

e A_wine _Brazil_31_11_7_2071_HINZ--20711-02-25
_m'l: A_swine_Brazil_365-11-7_2011_HaNZ--2011-11-10
A_sw_Bragzil_355_11_8_2011_H3INZ--2011-10-27
A_Mew-York_521_1888_HIN2-humn--1898-01-19
A_NWew-York_313_1998_H3N2-humn--1998-12-28
A_Mew-York_278_1989_H3IM2-humn--1989-02-23
A_Mew-York_261_1989_H3MN2-humn--1989-04-08
A_Mew-York_255_1998_H3IN2-humn--1995-02-10
A_Mew-York_248_1595_H3IM2-humn--199%-02-02
A_Maow-York_284_1999_H3INZ2-humn--1588-03-08
A_Malaysia_10807_1996_HINZ-humn--1896-09-13
A_New-York_339_1999_H3N2-humn--1999-02-09
A_Hong-Kong CUHK10100_1889_ HIN2-humn--1989-01-07
A_swine_Brazd_31-11-3_2011_H1N2--2011-02-25
KF572618-A_ wild_poar_Brazil_214-11-130_2011_H1N2--2011-07-25 c}‘ade N2Hb
A_Maw-York_251_1998_H3N2-humn--1998-12-28
A_Malaysia_13241_1957_H3IN2-humn--1997-07-24
A_Mew-York_536_1998_H3N2-humn.-1598-02-03
A_MNow-York_528_1998_H3INZ-humn--1998-02-28
A_MNew-York_540_1988_H3IMN2-humn--1988-02-15
A_Mew-York_505_1997_HIN2-humn--1997-12-02
A_Mew-York_522_1997_H3IN2-humn--1897-12-31
A_zwine_Sarabuti MIAH107725-28_2008 H3N2-Thal-H3-13--2008-06-
A_swine_Saraburl_MIAH109713-36_2000_H3M2-Thai-H3-13--2000-07-
g4 .ﬂmne_ Ratchaburi_NIAHST4_2005_H3IN2-Thai-H3-13--2005
1 A_swina_Thalland_PB482_2008_HIN2-Thai-H3-13--2008-11:17
j A _swing_Chonburl_NIAH106852-028_2011_H3N2-Thai-H3-13--2011-02-
! a_swine_Chonburl_NIAH106952-026_2011_H3N2-Thai-H3-13:-2011-082-
M- A_Mew-York_B52 1998 _HINZ-humn--1996-04.01
A_swine_Guangdong_603_2010_HIM2-Chi-CLSH1-2010-02-27
A_swine_Guangdong_553_2010_H1M2-Chi-CLEH1--2010-02-27
A_swine_Guangdong_606_2010_H1M2-Chi-CLSHY--2010-02-27
A_swine_Guangdong_617_2010_HIMN2-Chi-CLEH1--2010-02-27
A_swine_Guangdong _628_2010_H1N2-Chi-CLEH1--2010-02-27
A _swine_Tianjin_1_2007_H1N2-Chi-CLEH1~2007-12-
A_swine_HongKong_12382_2003_H1N2-Chi-CLSH1--2003-10-18
A_gswina_ Zhejiang_1_2004_H1N2-Chi-CLSH1--2004
A_swine_HongKong NS815_2004_HiN2-Chi-CLSH1--2004-10-14
A_swina_HongKong_ 554_2003_H1M2-Chi-CLSH1--2003-04-24
A_swine_HongKong_1763_2003_H1M2-Chi-CLSHY--2003-12-15
A_swine_HongKong_1248_2002_H1N2-Chi-CLSH1--2002-09-08
A_swine_HongKong_MS13_2002_HIMNZ-Chi-CLEH 1--2002-01-21
A_swine_HongKong_1102_2003_H1NZ-Chi-CLEH --2003-08-14
A_gwine_HongKong MNEE05E_2003_HINZ-Chi-CLEH1--2003-07-10
A_swine_HongKoeng NST28_2002 HIN2-Chi-CLEH1--2002-08-13
A_Hong-Kong_49_1995_H3N2-humn--1995-09-01
A_Mew-York_594_1936_H3MN2-humn--1998-11-18
A_HNew-York_637_1906_H3N2-humn--1806-01-17
A_Lyon_2278_1985_H3INZ-humn--1895-11-20
A_Mew-York_612_1995_HINZ-humn--1895-12-19
A_Now-York_638_1995_H3IN2-humn--1985-12-18
A_Naw-York_632_1988_HINZ-humn.-1988-03-01
A_Geneva_AS509_1995_HINZ-humn--1895.02-01
A_Mew-York_700_1935_H3N2-humn--1935-02-14
A_Malaysia_07145_1985_HIN2-humn--1285-07-03
A_Hong-Kong_38_1895_H3M2-humn--1985-08-01
A_Mew-York_&76_1985_H3N2-humn--1%95-03-03
A_New-York_682_1595_HIN2-humn--1895-03-01
A_Hong-Kong_55_1594_H3IN2-humn.-1594.07-26
A_Hong-Kong_434_1886_HINZ-humn--1896-10.02
A_New-York 657 _1994 HIN2-humn--1994-12-02
= A_Mew-York_789_19093_H3IN2-humn--1993-03-18
A_MNew-York _767_1893_H3INZ-humn--1893-04-05
A_MNew-York_773_1893_H3IN2-humn--1893-03-31
A_Oslo_2218_1993_H3NZ-humn--1883-11-14
A_Netherlands_3_1982_H3IN2-humn--1892-11-22
A_Victoria_33_1992_HAN2-humn--18§92-06-29
A_MNow-York_T53_1984_HINZ2-humn--1984-02-15
A New-York_712_1893_HINZ-humn--1893-12-02
A_Mew-York_T38_1994_HIMN2-humn-1904-02-04
A_Mew-York TO7_1984_H3NZ-numn--1994-02-10
A_England_260_1991_H3N2-humn--1881-08-15
A_Paris_467_1981_H3IN2-humn--1981-12-01
A_Wellington_3_1980_H3NZ-hummn--1980
= A_Rotterdam_100540_1982_HINZ-humn--1982-01-26
= A_Siena_1_1991_H3IN2-humn--1§81-12-17
A_Houston 58829 1892 _HINZ-humn--1992-04-03
A_South-Ausialia_23_1992_ HINZ-humn--1992.03-31
A_Parig_325_1881_H3N2-humn--1891-12-01
= A_Lyon_1276_1981_H3IME-humn--1881-12-12
A_Shanghai_24_1990_H3INZ-humn--1580
_Singapora_34_1988_H3INZ-humn--1889
A_Netherlands_T38_1989_HIN2:-humn--1989-12-17
A_Natherlands_G50_198%_HINZ-humn--1988-12-13
= A&_Metherlands_820_1889_H3N2-humn--1988-11-27
'I A_Siena_10_1990_HIN2-humn--1980-01-18
A_Siena_d4_1990_H3N2-humn--1990-01-08
“ A_Sulta_1_1980_H3M2-humn--1890
A_Atlanta_211_1969_H3IN2-humn--1389
A_Victoria_1_1889_H3N2-humn--1988
I- A_Memphis_15_1888_H3IN2-humn--1988
A_Memphis_B_1988_HINZ-humn-- 1988
& _Victoria_1_1988 H3IN2-humn--1988
& A_Hong-Kong_7_1987_HaN2-humn--1087
- A_Sichuan_2_19B7_H3M2-humn--1987
A_Shanghai_11_1887_H3IN2-humn--1987
~ A_Slena_3_1988_H3M2-humn--1888-02-05
A_Hong-Kong_T_1885_HINZ-humn--1985
= A_Memphis_7_1985_H3INZ-humn--1585
B A_Manjing_28_1684_HANZ-humn-- 1584
A_Hong-Kong _7_1964_HINZ-humn.-1584
L A_Hong-Kong_4_1984_HINZ-humn--1984
A_Hong-Kong_14_1083_H3N2-humn--1883
A_Memphis_11_1886_H3IN2-humn--1936
A_Memphis_66_1986_H3IN2-humn--1886
A_Hong-Kong_24_1685_H3MN2-humn--1985
A_Colorado_2_1986_H3NZ-humn--1886
A_Methorlands_450_1988_H3N2-humn--1988-03-01
A_Netherlands_333_1985_HINZ-humn--1985-02-01
= A_Caen_1_1984_HINZ-humn--1984
A_Memphiz_33_1983_H3IN2-humn--1983
A_Hong-Kong_26_1983_H3N2-humn-- 1983
_{l A_Memphis_2_19868_H3IN2-humn-- 1986

A_Memphis_5_1886_H3IN2-humn--1885
A_Netharlands_330_1985_H3IN2-humn--1885-01-01

A_Natherlands_233_1882_H3IN2-humn-- 1982-04-01
A_Neotherlands_241_1982_HINZ-humn--1982-12-01

A_Netharlands_209_1980_H3INZ-humn--1980-12-01

L A_Bilthowven _4791_1961_H3aM2-humn--1981

— A _Oslo_13676_1983_H3N2-humn--1983
A_Memphis_1_1981_H3IN2-humn--1881

A_Memphiz_1_1980_H3N2-humn--1880
A_Mamphis_%_1880_HIN2-humn--1980
A_Lyon_2380_1981_H3IN2-humn--1981
A_Philippines_2_1982_HINZ-humn.- 1982
A_Philippines_2-MA_1982_HINZ-humn--1982-08-01

A_Bangkok_1_197%_H3IN2-humn--1979

A_Rotterdam_5&77_1980_H3IN2-humn--1980

¢ A_Manjing_13_1980_H3INE-humn--1880

{[ A_Nanjing_36_1983_H3MN2-humn--1983

A_Hong-Kong_1_1882_H3N2-humn--1982
A_Hong-Kong_45_1980_H3IN2-humn--1980
A_Mamphis_12_19T8_H3INE-humn--1978
A_Mamphis_2_1978_HANZ-humn--1578
A_Mamphis_18_197B_H3N2-humn--1978
“ A_Memphis_18_1978_H3IN2-humn--1978
A_Memphis_2_1977_H3aMN2-humn--1877
A_Texas_1_1677_H3N2-humn--1877
A_Rotterdam_8178_1877_H3M2-humn--1877
A_Amsterdam_1606_1977_H3IN2Z-humn--1877
A_Bilthoven_2271_1978_HIN2-humn-- 1976

A_swing_England_002255_2002_H1NZ-Eur-H1-9--2002-12-04
A_swing_Englang_F185_2008_H1N2-Eur-H1-9--2008-12-25
A_Swine Spain_BOSOBLPA_2007 _H1M2-Eur-H1-9--2007
A_swine_England_00003_2008_H1MN2-Eur-H1-10--2008-01-12
A_swine_England_43142_2001_H1N2-Eur-H1-9--2001-12-21
A_swina_England_303_2008_H1N2-Eur-H1-9--2008-04-08
A_swina_England_61605_1698_HI1MNZ-Eur-H1-9--1588-11-18
A_swine_England_483_2006_HIN2-Eur-H1-8--2006-05-12
A_swine_England_B88761_1997_H1N2-Eur-H1-8--1997-02-03
A_swine_England_1382_2010_HINZ-Eur-H1-9.-2010-04-13
A_swine_England_80797_2000_H1N2-Eur-H1-9--2000-12-22
A_swine_England_645913_1986_Hi1N2-Eur-H1-8--1896-12-20
A_swine_England_40280_1896_HIM2-Eur-H1-9--1806-07-09
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Technical Appendix Figure 4. Maximume-likelihood (ML) tree of human and swine pandemic influenza
H1 segments. Phylogenetic relationships of 451 pandemic H1 sequences are inferred using ML methods.
Branch lengths represent genetic distance and are drawn to scale. Bootstrap values for key nodes >75
are provided. The H1p alignment comprises 4 Brazilian swine viruses that were sequenced for this study
(A/swine/Brazil/18/2012/H1N1, A/swine/Brazil/66/2011/H1N1, A/swine/Brazil/263/2012/H1N1, and
A/swine/Brazil/132/2009/H1N1); 2 Brazilian swine influenza A viruses sequenced previously
(A/swine/Brazil/12A/2010/H1N1 [19] and A/swine/Brazil/107/2010/H1N1 [26); 401 human pandemic H1
sequences collected in Latin America during 2009—-2012; and 43 closely related H1 swine sequences
collected in Latin America, including 12 from Brazilian swine that were studied previously (18). Swine
viruses are shaded blue; swine viruses sequenced by EMPRAPA (Brazilian Agricultural Research
Corporation) are shaded red. Solid shaded circles are shaded by country (green, Brazil; yellow,
Colombia; black, Mexico; red, Costa Rica; blue, Argentina) represent putative viral introductions into
swine. Viral introductions into swine that are supported by bootstrap values >75 are numbered in

accordance with Table 3.
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il AD

71 A swing Costa Fica GD0125-3 2010 HINT --2090-11-01

oy ADWE3B01 A_swing_Costa_Rica_000125-20_2010_H1M1--201011-01 . CRC -1
ADWBATET A gwing Cosla Rica 00D125-18 2010 HiMN1--2010-17-01
ADWEITED_A_gwine_Costn_Rica 0D0125-16.2010_HINT--2010-17-01

ADWEITAS A awine Comla Rca 00012514 2010 HINT 20101 7:01

= ACZB81118_A_ Parana_2520_20089_ H1M1--2008-08-30
— ACT20200_A_Sao_Paubo_2303_2009_H1M1--2009-06-01
ACR7B5B5 A Sao_Paulo_ 1454 2009 H1N1--2008-04-29
— 012583_A_Chie_4181_2008_H1N1--2008-07-009
012563 A_Chile_4182_2009_H1N1--2008-07-10
= AFBT0154_A_Argeniina_14192 2009 HIN1--2008-07-01
— ADO12513_A_Chile_3585_2009_H1N1--2000-07-03
ACZE1123_A_Rio_Grande_do_Sul _4782_2008_H1N1--2008-07-20
TAFDAZTRS A swina Brazil 17 2000 _HIMt--2005-10-18
AFDO32758_A swine Brazdl_td_ 2002, H1N1--2000-12-04
e AFCIZFTAH A swing Brazil 4 2006 HIN{--2008:08-21
ADJOOS08_A_Argentina_07-DBGP 2008 _H1MN1--2008-05-30
ACZH2135_A_Santa_Calarina_478_2008 H1N1-2008-06-11
AFB70357 _A_Argentina 9583 2009 H1N1--2000-06-24
ADQZ28048_A_Sac_Paulo_70448_2009 H1N1--2009-08-28
AEXZSR03_A_Pernambuco_387 2009 H1N1--2000-08-24
= AFBTO207_A_Argentina_7967_2008 H1N1--2009-06-17
— ADD12473_A_Chile_3365_2009_H1N1.-2008.07-01
_I AFBT0237_A_Argentina_8551_2000_H1N1--2009-06-21
AFBTO327_A_Argentina_S452_2009_H1N1--2009-06-22
— AGY42426 A _Rio_Grande do_Sul 7313 2009 H1N1-2009-07-30
ADABIER0_A_Arganiina_ HMNAG13_2008 H1N1--2009-06-05
AFU T8_A Puragua% 2OHED. 2DEIE H1N1--2008-08-01
AFUOG0B2_A_Paraguay_SBHCI_2006_H1N1--2009-08-13
AFUOBDAS_A_Paraguly_ 138HCI_2000_H1KN1--2009-08-22
AFUDB084_A_Paraguay_136HCI_2008_H1M1--2009-08-22
| AFUOB0A6_A_Paraguay_ 141HCI 2006 HIN1--2008-08-23
AFLIOBOB3_A_Paraguay_125HCI_ 2008 _H1M1-2008-08-20
AFUOS081_A_Paraguay BSHC| 2008 H1N1--2008-08-10
AFUDS0BI_A_Paraguay_ 165HCI_2008_H1MN1--2009-06-28
_IADOIE:}H A_Chile_2235_2009_HINT--2009-08-19
ADO12243_A_Chile_180_3009_H1N1-2005-05-29
ADABIBES_A_ Argantina_HNAGA2_2009_H1M1--2000-06-27

r AGKE2ZTI7T_A_wmwing_ Argentina_ CIPO51-A207 2012 HIM1--2012-02 . -
 I:T1 by A 12-02- ARG 1

AGEA2TIS A swina_ Argeonting CIPOS1-A204 2012 H1M1==20
— ADABIGEE_A_Argenting HNRG44 2009 H1N1--2009-06-30
e ADIABIGS2 A Argentina_HNRGIS_ 2000 H1N1--2009-06-23
— ADO12373_A_Chile_ 2984 F009_H1N1--2009-06-26
= ADAB3B11_A_Argentina_ HNRGZ1_2000_H1N1--2000-07-01
— ADOQ12283 A Chile_1600_200% H1N1--2008-06-15
ADQZ8016_A_Sao_Paulo_53137_2008_ H1N1--2008-07-31
AFBTOZTT _A A:unntlna B964 2009 HIN1--2008%-046-22
—_: Q2B063_A_Sao Paulo_22205_2010_H1N1-2010-03-27
ADQZB068_A_Saoc_Paulo_S2863_2010_ H1N1--2D10-Dﬁ-lﬂ
e ADNDZA04T A _Seo_Paulo_ 70428 2008 H1N1-2008-08-2
e ADQ2E018 A_Slu Paulo_S4026_2008 H1N1—2008-08- t|:3
ACTE2514_A_Sao Poulo 2281 _2008_H1N1--2008-05-29
"—|_ "ADG28057_A_Sao_Pauio_83218_2009_HiN{--2000-08-27
AFB7OV58_A_Argenting_ 145812008 H1NT--2008-07-01
AFBT0337_A_Argeniina_ 9576 2008 _H1N1--2009-06-24
ADDIZETE_ A Chile_ 4084 _2008_H1N--2008-07 08
ADJOC499_ A Argentina_198531_2009_H1N1--2009-06-15
ADJODS00_A_Argentina_ 19811 _2008_H1N1--2009-06-24
ey T—— AEX25B17_A_Pernambuco_ 800 2009 :—11«1--2009 -08-22
AEX25804_A_ Pamambuco_402 2008 H1N1--2008-08-
=] AEXZ5E02 A Pemambuco 247 2008 HIN1--2008-08-11
.0.5251122 A_Rio_ Granua do_Sul_4772_2009_H1N1--2009-07-20
X25822 A_Parmambuco 732 2010 _HIN1-2010-01-14
| 6?12422 A_Rig_Grande_do_Sul_S861_2008_H1N1--2008-07-24
AGY42427_A_Rio_Grande_do_Sul_5470_2008_MH1Ni- 20[!9 07-23
b AEX25813_A_Pernambuco_565_2009_H1MN1--2009-09-11
—EE AEX25801_A_Pernambuco_231_ 2008 _HIN1--2009-08-09

K25706_A 'Pamamnucn 117_2009_H1MN1-2009-07-23
AEX257T06 .i. Parnambuco_ 175 2008 H1N1--2009-08-05
00008 ’-L..

ADCIZE2E A_swing Argenbing SAGHE:-31215_2000 HIN{-
AFBT0152_A_Argentina_14044_2009_H1N1--2008-07-01
AFDI2TED A swindg Bragl] 18 2009 HINI1-2008-08-01
AFD32TE1_A_swine Brazil 172009 H1N1-20008-08-01
AFDI2TES A _Minas Gerais_21_2009 H1N1--2000-08-07
= ADD28012_A_Sao_Paulo_ 51801 2009 HIN1--2008-07-25
| AFBTOR1T_A_Argenting_S384_2006_H1N1--2009-06-23

AFBTON45_A_Argenting_ 13777_2000_H1N1--2009-08-30

AZQY 2012 HIN1=20712-01 .

_' AGKAEZTZ28 A _swma _Argontina CIPO51-
AEUDIBET A swine_ Colombia 1403 2010_HINT-~2010-03-
AFD32T45 A swine Brari 1_2008 HIN1--2008-08-11 .
_] 032740 A swins_Brazil 22009 H | N{—~Z000-08-1 1 . BRZ -1
L:c:32f| A—swina_Brazil 3 2008 H1N1--2008:08:11
_:foams A_San_Paulo_29269_2010_H1N1--2010-05-03
A_sw_Brazil 107-10_2010_HINI-2010-07-14
ADOQ28070_A_Sas_Paulo_53511_2010_H1M1--2010-06-18
_m ADQZA0ET_A_Sac Paulo_S2064_2010_H1N1--2010-06-12
ADQ2B069_A Sac_Paulo_S2E97_2010_H1MN1--2010-08-17
. A O2E066_A_San_Paulo 45221 2010_H1N1-2010-05-21
—"AEKZ21428_A_Chile_&1_2010 H1N1--2010-08-11
I A7TH23_A_Chile_37_2010_H1N1--2010-07-28
37913_A_Chile 34 2010 H1N1--2010-07-28
_| AEKZ1446_A_Chile_87_2010_HIN1--2010-08-15
AENEMES A_Chile_70_2010_H1M1--2010-08-16
p—— AEJ37E83_A_Chila_28_2010_H1MN1--2010-07-26
— AEKZ1466_A _Chilo_t106_Z010_H1NT -2010-08-24
AEJ3TO03_A_Chile_20 2010 H1M1--2010-07-26
E?AEJBTBBE “A_Chile_23_2070_HIN1-2010-07-17
AEJ3TOB3_A_Chile_7B_2010_H1M1--2010-0817
p— AEJ3TA53_A_Chila_S58_2010_H1N1--2010-08-10
— AEKZ21476_A_Chile_109 2010 _H1M1--2010-08-25
e AEJATH63_A_Chile_71_2010_HI1N1--2010-08-16
— AENS532E A Chile_BS_2010_H1N1--2010-08-18
AFU09000_A_Paraguay_171HCI_2008_HIN1--2009-09-02
AFUDG0RT _A_Paraguay_ 145HCI 20046 H1N1--2009-08-21
P«.FUEI'BOBEI_,H. _Paraguay_85HC|_2009_H1N1--2008-08-10
AFUDG0BE A F"m»gﬁw 153HCI_2008_HINT--2009-08-26
ADM238 Rig_de_Janseiro_88_2010_H1N1--2010-03-04
GK-_..?H_;'I A_gwing Argantina_ CIPOS1-AR0Z 2012 HINT-=2012-01 .
— ADM23B50 A Alagoas_97_2010_H1N1--2010-03-05
e AEXZ5810_A_Pormmambuco_458_2008 H1N1--2009-08-28
f— AGY42428_A Minas_Gerais_490 2009 HIN1--2008-08-12
= AEXNZ5AZ0_A_Pormambuco_66_2000_HIN1--2009-06-28
AEX25814_A_Permambuco_567_2008_HIN1--2008-09-12
AEX25B21_A_Pernambuco 688 2000 H1N1--2006-11-04
ADM23841_A_Alagoas 115_2000_H1N1--2010-03-08
AEX25825 A Pernambuco_B2_2003_H1N1--2009-07-02
— ACZE1TE1_A_Rio_Grande_do_Sul_45085_2009 HiIN1--2009-07-18
_:auuzxﬂu A_Alagoas_143_3010_Hi1N1--2010-03-13
ADMZ3847_A_Alagoas_201_2010 _HIN1--2010-03-26
ADM238B45_A_Alagoas_166_2010_H1M1--2010-03-22
ADME23848_ A ME?\D“ _266_2010_H1M1--2010-03-31
ADM23B4E_a_Alagoas_171_2010_H1N1--2010-03-24
ADMZ3842_A, A:;%naa 116_2010_HIN1--2010-03-10
L] ! aDmzasas A Alagoas 96 2000 HIN1-2010-03-02
r ADQ2B071_A_Sao Paulo_54987 2010 _Hi1M1--2010-06-19
DJB0Z4T_A_Golas_ 16651 _2010_HIN1--2010-01-28
ADM23843 A Alagoas 140 2010 _HIN1-2010-03-15
! AERX1436_A_ Chile_84_2010_H1N1--2010-08-11
AEJITETI_A _Chile_13 2010 _HIN1--2010-07-01
AEK21486_A_Chila_115_2010_H1M1--2010--
f— AEJ37943 A Chile 52 2010 _H1M1--2010-08-09
'—l AEJ3T933_A_Chile_54_2010_H1N1--2010-08-09
AEKZ21456_A Chila_84_2010_H1N1--2010-08-20
LD AEJ3T973_A Chile_72 2010_HIN1--2010-0B-16
b AEJ37883_A Chile_15_ 2u1u HIN1=-2010-06-22
ADO12433_A_Chila. 3244 _2008_H1M1--2008-08-
ADUSSTT1_A_Argenting HNRGEI_2008_H1M1- EEIW 06-17
ADO12273_A_Chile_1599_2009_H1N1--2008-08-15
ADO12482_A_Chile_2361_2008_H1M1--2006-07-01
ADO2B017_A_Sas_Paulo 53829 2009 H1M1--2009-08-01
ACTB2515_A_Sao_Paulo_2275_2006_HIN1--2009-05-28
ADJOO4BE A Argentina_19859_ 2000 HI1N1--2008-05-18
ADUSIE1Z_A_ Argenting_HNRG107_ 2009 HIN1--2005-07-02
ADDA21TE_A_Chile_36_2009_H1N1--2008-05-25
ADO12343_A_Chile_2362_2009_H1MN1--2009-06-22
AFBTO2RT _A -ﬁr\gunhnl S180_2008_H1N1--2009-06-23
ADUSSB06_A_Argentina_ HNRGAO_2009_H1N1-2000-06-16
ADUSHEI0_A_Argoantina_ HNAG105_2008 HINT-2009-06-24
AFBTO38_A_Argentina 12205 2009 _H1M1--2008-06-30
ADO12153_A_Chile_31_2008_H1N1--2009-05-25
ADO12293_A_Chile_1803_2008_H1KM1--2009-08-15
AFBTO156_A_Argentina_14332_2000_H1MN1--2000-06-
ADO12653_A_Chile_3805 2008 H1N1--2008-07-07
ADC28053_A_Sao_Paulo_T1857 2008 H1N1--2008-09-01
ADO12213_A_Chile_88_2008_H1N1--2008-05-27
ADABISET A_Argeniine_ HNRG14_2009 H1N1--2000-05-27
ADABAGA _A_Argeniina_HNRG3Z 2009_H1N1--2009- DE 24
AFBTO217_A_Argentina_7980_2009_H1MN1--2009-06-17
ADQ2B035_A_San_Paulo_T0188_ 2008 _H1N1--2009-08-27
ADD12183_A_Chile_40_2008_H1N1--2009-05-25
ADO12543_A_Chile_3819_2009_H1N1--2008-07-06
AFBTO377 _A_Argentina_ 9597 _2008_H1N1--2009-06-24
AFB7T0227_A_Argentina _BO19_2009_H1N1--2009-06-18
ACTER513_A_Bao_Paulo 21932008 _H1N1--2008-05-29
21)99—0909.

A_aw_Brazii_132-08_2008 HiN1- -

_| ADCZA00E A_Sao_Paulo_21711_2008_ H1K1--2008-08
e AC028054_A_Golas_T2058_2009_H1N1--2008-08-02

ADQZE052 A_Sao Paulo_23316_2006 H1N1--2009-08-01

AFD32752 _A_swine_Hraril_ B 2008 HI1MN1--2008-10-05
—f-ﬁ AFDI2754 A gwine_Brazil_10_2000_HIN1-20048-10-05 -
AFDIZTEA A -swine Brartd 9 2009 _HIN1T--2008-10-06 . BRZ 3
e ADABIGA5_A_Argentima HMAGAIGE 2008 HIN1- 201:!9 06-21
—— ADOPACGT_A_Sao_Paulo 917683000 H1N1--2008-10-25
ACT22055_A_Puerio_Montt_BioB7_2000_H1M1--2000-06-19
ADQRB062_A_Sao_Paulo_2227_2010_HIN1--2010-01-13
ADO12363_A_Chile_2811_2008_H1N1- -2009-06-25
ADC12333_A_Chile_2851_2008_H1N1.-2009-06-20
ADUSATTS A P.rqantlnn HNRGS1 2008 _H1MN1--2008-07-05
ADD12523_ A Chile_3760_2008_HIN1--2008-07-06
AFBT0287 A_Argeniina. 9004 2008 H1N1--2008-06-20
— ADO1E533_A_Chile_3766_2008_H1N1--2008-07-06
ADO12483_A_Chile_3375_2008_H1N1--2008-07-01
20560_A_Parana_881_2010_HIN1--2010-05-17
20563 _A_ Parana 837 _2010_HIN1--2010-05-11
B ADU20561_A_Parana_914_2010_H1M1--2010-03-26
ADUZOS82 A Parana 527 2010 HIN1--2010-04-19
ADAB3G80_A_Argenting HNRGS_200%_HIN1--2009-06-22
ADD12413_A_Chile 3220 2008 _H1N1--2008-06-30
e ADND12613_A_Chile_4408_2008_H1N1--2008-07-17
_L_fﬂ?l:lﬂﬂ A_Argentina_ 125082008 _H1N1--2009-06-30
AFBTOVE0_A_ .Arganhna 15765_2009_H1M1--2008-07-01
e ADCIZAO3T_A_Goias_ G677 2009 _H1N1-2009-08-24
b AFBTO257_A Mganhna BA73_2009_H1N1--2003-08-18
b ALISS916_A_Argenting HNAGEE _2000_H1M1--2008-07-10
ADO12483_A_Chile_ 3467 _2008_H1N1--2008-07-02
ADO12263_A_Chile_1538_2008_H1N1--2009-06-15
S3_A_Chile_1586_2008_H1N1--2008-06-13
ADOH 2453 A_Chile 3349 2009_H1N1--2008-07-01
ACTA3125_A_Distrito_Foderal_2611_2008_H1M1- EEH}B 06-05 - .

sw_Brazll G6-11 2091 _HIN1—201 504+
ADABIGSE_A_Argentina_HNAGA0_2008_H1M1- 2009 06-24
ADJODS04_A_Argentina_ 185272009 _HTN1--2009-06-15
= ADABIGAH_A hrganllna_HNHG:]? 2009 H1M1--2000-06-22 ’
B22544_A swine Mexico 3146 2010 HIN1--2010-09-16
AERS2722_A_Ecuador_IECODD32_2010_H1N1--2010-12-27
I AERG2723_A Ecuador IECO0043 2011 _H1N1--2011-01-04
RA82720_A_Ecuador_|[ECO0027_2010_HIMN1--20710-12-25
e—— AEAS27T19_A_Ecuador IECOD0TE_ 2010 HINT-2010-12-11
AFBTO347_A_Argentina 9578_2008_H1N1--2008-08-24
— ACVEIGTO_A_Sac_ Paulo_S55115_2005_HIN1- 21}“ 08-05
ADO12313_A Chile_2009_2009_H1H1--2008-06-1
AFBT0407_A_Argentina_8721_2008_H1MN1--2009- ﬂE 23
a— AGY42425 A Ria_de_Janeiro_ 8827 2000_H1N1--2008-07-31
ADO12303_A_Chlle_1624_2009_H1N1--2006-06-15
ADABIETE_A_Argentina HNAG4E_ 2008 H1N1- 20!.19-03-25
ADC12353 A Chile_2908_2008_H1N1--2008-06-25
AEATITTI_A_Chile_19_2008 HIN1--2000.05-22
AFBTDIET_A_Argentina_8588_2008_H1N1--2009-06-24
ACZO2134_ A Santa_Catarina_460_2009_H1N1--2008-06-10
ADO12223_A_Chila_85_2008_H1N1--2009-05-27
ADO12423_A_Chile_3242_2009_H1MN1--2008-06-30
ADD12233_A_Chile_158_2008_H1N1--2009-05-28
AFBT0307 _A_Argentina_9333_2008_H1M1--2008-06-23
ADO12203_A_Chile_56_2009_H1MN1--2008-05-26
ADCHZ2443_A_Chile_3285_2008_H1N1--2008-06-30
ADJOOSOZ A _Argenting_ 10858 2009 _HIN1--2009-06-18
ADJOOS05_A_Argantina_08AR_2008_HIN1--2009-07-21
ADJODAGT A _Argentina_19404 2008 _HIN1--20068-06-11
AEX25807_A_Pernambuco_42_ 2000 H1MN1--20069-08-27
ADUSSTFE_A_Argenting HNRGS4_2006_H1M1.-200%-07-05
ADABIET2 A Argantina _ HNRAG4S_2009_H1MN1--2009-06-16
ADABIG03_A_Argentina_HNRAG18_2008_H1N1--2009-07-01
ADO12193_A_Chile_42_ 2009 H1N1--2008-05-25
ADABIEII_A_Argentina_HNAGI1_2008_HIN1--2008-06-17
ADB25322 A Sania_Calarina_459 2009 H1N1--2000-06-11
AD28045_A_Sac Paulo_70333_2009_H1N1--2008-08-28
— AEX25B08_A_Pernambuco_414_2008 H1N1.-2009-08-20
ADCIZE0T2_A_Sao_Paulo_57029_2010_H1N1--2010-07-01
ACSB4268_A_Castro_JXP_2000_HIN1--3009-08-11
f—— ADQ28008_A_Sac_Paulo_51307_2009_H1N1--2008-07-28

ADZOS689 A swine Hragil 12A 2000 _HIN1--2010.02-02 .

e ADD12503_A_Chile_3553_2006_H1KN1--2008-07-02
__‘ AFBTO177_A_Argentina_77B5 2000_H1N1--2009-06-
ADUSIE0T_A_Argentina HNRG1DE_2009_H1N1--2009-06-27
— ADXS7018 A Trujilio_WRAIRSI0SF 2008 HIN1--2009-06-24
= ADAB3E3T_A_Argentina HNRG3IZ_ 5009 HIMN1--2005-08-22
— ADUS35TY_A_Argentina_HNAG104_2008_H1N1--2009-06-19
= ADO12363_A_Chile_3018_2009_HTN1--Z0059-06-26
— ADCIZBOIG_A_Goins _GSRTD_2008_HIN1--2009-08-25
I ADOZA033 A Piaul 659692 _2008_H1N1--20098-08-25
AFBTOZET _A_Argentina_8386_2008_H1N1--20086-06-21
ACUZ00TE_A_Bogola 0488MN_2008 H1N1-2008-0E-25
> F AFBTO3BT _A_Argantina_9705_2008_ H1N1--2008-06-24
AFBTO1BT_A_Argantinag 7937 2009 H1N1--200%-08-18
e ADCM 2623 _A_Chile_d4438_2009_HYN1:--2008-07-20
ADMZIASA A Bahia 231 2010 HIN1--2010-04-01
AEX25823_A Pemambuco_744_2010_H1M1--2010-03-06
AEX25824_A_Perngmbuca 768 2010 HIN1--2010-04-15
AEX25812_A_Pernambuco_518_2008_H1N1--2009- I:IS-CI-IF
T e A S D R
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ADE75389_A_Bahia_15525_2009 HI1N1--2008-08-05
ADQ28031_A_Sao_Paulo_68431_2009_H1N1--2008-08-27
_!_ — ADO2B010_A_Sao_Paulo_51533_2000_H1N1--2009-07-27

e ADCI28051_A_Sao_Paulp_71003_2008_H1N1--2008-08-20

ADO2B030_A_Sao_Paulo_GBE17_2000_HIN1--2009-08-26

ADC12603_A_Chile_4257_Z009_H1N1--2008-07-13

— AGY42424 A Rio_de_Janeira_8520_2009_H1N1-2009-07-30

:AI’-D:IZ'-"J“ A_swing Brazil_15_ 2000_H1N1-2008-12-21
ADO12563_A_Chile_3935_2009_H1N1--2008-07-07

AFUDR091_A_Paraguay 1CMI_2000 H1N{1--2000-08-20
_I 2 AEQE2910_A_Rio_Grande _do_Sul_278_2011_H1N1--2011-06-02

DO2B023_A_Sao_Paulo 61625 2009 H1N1--P009-08-12
ACVEI668_A_Sao_Pauwlo_54382_2009_H1N1--2009-08-01
— ADQ2B0S0_A Eh? Paula_70584_2009_HIN1--2009-08-30
— ADABIEZE A ﬁngantlna HNFGI_2008_HIN1--2009-06-18
g APD3I762 A_gwinie Brakil 8 2010 HIN1--2010:05-11 ..
AGY42420_A_Santa_Catarina_{3608_2008_H1N1--2008-08-14
e RCT33023 A Mato_Grosso_ 2329 2000 _H1N1--2008-05-28
ADC28011_A_Sao_Paulo 51583 2008 H1M1-2008-07-29
ADO12143_A_Chile_28 2008 _H1N1--2008-05-23
———— ADG2B04E_A_Sao_Paulo_70345 2000 H1M1--2008-08-28
r— AGY42423_A_Rio_Grande_do_Sul_5922_2008_H1N1--2009-07-27
J 5822248 A swine_Maexico SG1443_2010_HIN1--2010.12-02

_I AHB24787T A swine Mexico SGE1450 2011 HIHI--E\'}I'I-II-I:I'-_I. MEX o 1

ADQT2403_A_Chile_3123_2009_H1N1-2009-04-26
ADO12383_A_Chile_3056_2008_ H1M1--2009-06-26
ADGZE05S A Sao_Paulo_S0572_2008 H1M1-2008-10-20
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Technical Appendix Figure 5. Maximume-likelihood (ML) tree of human and swine pandemic influenza
N1 segments. Phylogenetic relationships of 311 pandemic N1 sequences are inferred using ML methods.
Branch lengths represent genetic distance and are drawn to scale. Bootstrap values for key nodes >75
are provided. The N1p alignment comprises 5 viruses sequenced for this study from Brazilian swine
(A/swine/Brazil/18/2012/H1N1, A/swine/Brazil/66/2011/H1N1, A/swine/Brazil/12A/2010/H1N1,
Alswine/Brazil/107/2010/H1IN1, and A/swine/Brazil/263/2012/H1N1); 266 human pandemic N1
sequences collected in Latin America during 2009-2013; and 39 closely related N1 swine sequences
collected in Latin America. Shading and numbering of swine viruses are as in Technical Appendix Figure
4,
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Technical Appendix Figure 6. Maximume-likelihood (ML) tree of human and swine pandemic influenza
polymerase basic (PB) 2 segments. Phylogenetic relationships of 334 pandemic PB2 sequences are
inferred using ML methods. Branch lengths represent genetic distance and are drawn to scale. Bootstrap
values for key nodes >75 are provided. The PB2 alignment comprises 6 Brazilian swine influenza A
viruses sequenced for this study (A/swine/Brazil/66/2011/H1N1, A/swine/Brazil/185-11-7/2011/H1N2,
A/swine/Brazil/232-11-13/2011/H1N2, A/swine/Brazil/263/2012/H1N1, A/swine/Brazil/365-11-
7/2011/H3N2, A/swine/Brazil/18/2012/H1N1), 4 Brazilian swine influenza A viruses that we previously
published (A/swine/Brazil/107/2010/H1N1 [26], A/swine/Brazil/31-11-1/2011/H1N2 [27],
A/swine/Brazil/31-11-3/2011/H1N2 [27], A/wild boar/Brazil/214-11-13D/2011/H1N2 [26]), 310 human
pandemic PB2 sequences collected in Latin America during 2009-2013, and 14 closely related PB2 swine
sequences collected in Argentina and Mexico. Shading and numbering of swine viruses are as in

Technical Appendix Figure 4.
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0.0020



Technical Appendix Figure 7. Maximume-likelihood (ML) tree of human and swine pandemic influenza
matrix segments. Phylogenetic relationships of 3157 pandemic matrix sequences (10 from swine in Brazil,
shaded blue) are inferred using ML methods. Branch lengths represent genetic distance and are drawn to
scale. Bootstrap values for key nodes >75 are provided. For clarity, large clades that do not contain
Brazilian viruses have been collapsed.
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